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1 
INTRODUCTION 
Spoken language comprehension is a core ability in human communication Because 
we understand spoken language with such apparent ease, we normally do not stop to 
think about its importance and complexity However, the complexities of normal 
language function are made strikingly evident when we observe the devastating 
consequences of a break down of the language system Aphasie patients, for example, 
have deficits m understanding and/or producing language due to bram damage 
Investigations of the language deficits in aphasia hold the obvious possibility of 
helping to illuminate the exact nature of the aphasia syndromes, but m addition, they 
provide powerful insights into the structure of the normal language system itself 
In this thesis, the nature of the deficit that underlies aphasie problems m 
spoken language understanding is investigated by using event-related bram potentials 
(ERPs) The general hypothesis is that the comprehension deficits in aphasie patients 
are not caused by a loss of (parts of) the linguistic knowledge representations that are 
required for normal language functioning, but rather are the result of processing 
deficits in the real time or on-line integration of the activated linguistic information 
into a higher order representation of the preceding word or sentence context 
In order to test this hypothesis, three experiments are earned out within the 
framework of a model of the normal language understanding system (e g , Frauenfelder 
& Tyler, 1987, Marslen-Wilson, 1987) This model assumes that there is a mental 
store or mental lexicon that contains information about the form of words, about their 
semantics, and about their syntactic properties Estimations about its size indicate that 
the mental lexicon of a normal adult contains representations for at least 50 000 words 
(Aitchison, 1987) Yet we are able to recognize a spoken word within a split second 
(Marslen-Wilson, 1987) Given the speed of word recognition, and the size of the 
database that we are working with, it is clear that the mental lexicon has to be 
organized very efficiently, for example as a series of information specific networks 
(e g , Collins & Loftus, 1975) 
Three processes are claimed to be crucial to normal spoken language 
understanding Lexical access, lexical selection and lexical integration In the process 
of lexical access, an initial stretch of the sensory input is mapped onto the 
representations of lexical form in the mental lexicon This results in the activation of 
all lexical items that match the input During the process of lexical selection, the 
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number of activated lexical representations is narrowed down to the one lexical 
candidate that best matches the sensory input. If a word is heard in isolation, then the 
word recognition process is completed after the appropriate word form has been 
selected. However, words are not usually processed in isolation but in the context of 
sentences or discourse. In this case, the representation of each of the constituent words 
has to be accessed as well, but now those representations that are appropriate given 
the specifications of the context have to be selected1. Finally, the lexical integration 
process maps the syntactic and the semantic information at the lexical level onto a 
higher order representation of the whole utterance. In order to be able to understand 
the spoken input in a normal way it is crucial that the lexical access, lexical selection, 
and lexical integration processes are executed very rapidly, and at the right moments 
in time. 
Within the framework of the model for normal language comprehension as I have 
discussed it above, aphasie comprehension deficits can in theory result from losses of 
linguistic information in the mental lexicon or, alternatively, it might also be the case 
that aphasie comprehension is caused by a deficit in one of the processing operations 
that are crucial to normal language comprehension. Depending upon the kinds of tasks 
that were used to test comprehension deficits, studies in aphasia have found evidence 
supporting either losses of information or processing deficits. Studies that used tasks 
such as sentence picture matching, object naming, and sentence completion have found 
results that seem to support the idea that (some kinds of) linguistic representations are 
1
 Different models have made different claims with respect to the stage at which contextual information 
is of influence on the processing of words. The advocates of autonomous or modular models (e g , Forster, 
1979) claim that each of the processes that are important to normal language comprehension are executed 
within separate and independent modules Higher-level representations cannot be used to influence lower 
level representations, and therefore the flow of information is strictly data-driven or bottom up From the 
sensory input an acoustic-phonetic representation is formed, which is used to access the word form 
representations in the mental lexicon, which in tum will activate the semantic and syntactic information 
appropriate to the word form The output of the semantic and syntactic analyses will be used to form a 
higher level representation of the context. In other words, in autonomous models the representation of the 
context information cannot affect lexical access and lexical selection processes before the wordform that 
matches the sensory input has been selected The higher-level information only starts to play a role after 
these processes have been completed, when the semantic and the syntactic information of the selected 
wordform is integrated into the representation of the preceding context In contrast, proponents of 
interactive models (e g , Morton, 1969, 1979, McClelland AElman, 1986) maintain that all types of 
information can interact at all times in the word recognition process In between these two extreme views 
is the view that lexical access processes are autonomous and not influenced by higher level information, 
but that the selection process can be influenced both by sensory information and by the higher level 
context information (Marslen-Wilson, 1987) This latter view is strongly supported by the evidence of 
Zwitserlood(1989). 
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missing, distorted or no longer accessible in aphasia (e g , Berndt & Caramazza,1980, 
Goodglass & Baker, 1976, Grober, Perecman, Kellar, & Brown, 1980, Zunf, 
Caramazza, Myerson, & Galvin, 1974) These tasks are referred to as "off-line" tasks 
because they require subjects to operate on the end product of the language 
comprehension process That is, in an off line task subjects can give their responses 
a long time after the relevant language processes have been completed, thus allowing 
for strategies unrelated to language processing to aid in the prodcution of the 
response Although very important, this type of research does therefore not provide 
any direct information on possible distortions of the real time processes that act on the 
stored linguistic information (Hagoort & Kutas, 1995) Investigating these processes 
that are crucial to normal language understanding requires so called "on-line" methods, 
or methods that tap the language comprehension processes as they unfold in real time 
Most on-line methods that are used in language comprehension studies require 
subjects to make fast and accurate responses to linguistic stimuli, without making them 
aware of the linguistic process that is being manipulated For example, in a lexical 
decision task, subjects are asked to decide as fast and as accurately as possible whether 
a letter string or a sound sequence is a word or not However, the real underlying 
question in many lexical decision studies is about processing benefits for words that 
are preceded by related words or sentences versus costs for words that are preceded by 
unrelated words or sentences Subjects are faster in deciding whether a letter string or 
a sound sequence (e g, "dog ") is a word when it is preceded by a related context (e g, 
"cat"), than when preceded by an unrelated context (eg, "chair") The lexical 
decision task has been used to make inferences about the time course of lexical access 
and the organization of the mental lexicon In general it is assumed that the responses 
that subjects make in on-line tasks in language experiments are time-locked to 
particular underlying language processes as they unfold in real time These types of 
tasks can therefore potentially reveal which real time processing characteristics of the 
comprehension process are impaired, or in other words, what may be the functional 
locus of comprehension deficits in aphasia 
In the previous decade, studies of aphasia have began to use on-line tasks such 
as lexical decision The conclusion from these studies has been that aphasie 
comprehension deficits are not entirely due to a loss of stored linguistic 
representations, but rather are due to the inability to access and or exploit these 
representations in real time (e g, Baum,1989, Blumstein, Milberg, & Shner, 1982, 
Fnedenci, 1983, 1985, Friedend & Kilborn, 1989, Fnedenci, Wessels, Emmorey, & 
Bellugi, 1992, Haarmann & Kolk, 1991, 1994, Hagoort, 1990, 1993, Milberg, 
Blumstein & Dworetzky, 1987, Milberg, Blumstein, Katz, Gershberg, & Brown, 
1995, Ostnn & Tyler, 1993, Swinney, Zunf, & Nicol, 1989, Tyler, 1985, Tyler, 
Ostrin, Cooke, & Moss, 1995) 
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Shalhce (1988) has identified a number of entena that help distinguish between loss 
of information, and impairments in processes that are important for normal language 
comprehension, as possible underlying causes of language impairments m aphasia 
One cntenon is that m order to be able to asenbe language comprehension deficits in 
aphasia to a loss of stored linguistic information, aphasie patients must show no 
variability m their performance between different test sessions, nor across different 
tests (however, see Caplan, 1992) for a cntical note on these entena) This means for 
example that, if the representation of the word "tiger" no longer exists, it cannot be 
produced or understood, and there should be no evidence of its use in one test session, 
but not in another A second cntenon is that if lexical representations are lost, they 
cannot be pnmed by semantically related items For example, there should be no 
facilitation for the word "tiger" when preceded by "hon" And when syntactic 
information is lost, no grammaticality judgements can be made, nor should there be 
variability in performance on certain sentence types within or between aphasie 
patients 
Precisely these kinds of vanabihty in performance have been observed in a 
number of studies, which according to the criteria proposed by Shalhce (1988), 
indicates that aphasie comprehension deficits are not always due to a loss of linguistic 
information (eg , Kolk & van Grunsven, 1985, Milberg & Blumstein, 1981, 
Linebarger, 1983) For example, in a number of pnming studies that tested Wernicke's 
aphasies (e g, Blumstein et al, 1982, Fnedman, Glosser, & Diamond, 1988, Hagoort, 
1993, Milberg & Blumstein, 1981, Milberg et al, 1987), these patients consistently 
showed semantic facilitation effects Importantly, they showed this effect even though 
earlier research had established that Wernicke's aphasies are severely impaired on 
explicit semantic judgement tasks (e g , Goodglass & Baker, 1976, Grober et al, 
1980, Zunf et al, 1974) Apparently, the lexical-semantic impairments of Wernicke's 
aphasies are most evident when they are asked to consciously elaborate on aspects of 
activated word meanings (Graf & Mandler, 1984, Hagoort, 1993) When lexical-
semantic processing is assessed more implicitly, as in the pnming studies with a 
lexical decision task, these patients do not show an impairment This suggests that 
lexical-semantic knowledge might be largely preserved, and that these patients have 
a deficit in either accessing or exploiting this information under particular 
circumstances 
These kinds of results have lead to the idea that processing impairments have 
to be considered as an important factor in the explanation of language comprehension 
deficits in aphasia (see Chapters 2 and 3 for a further discussion of the literature) 
However, it is still a matter of debate what the exact nature of these processing deficits 
in aphasie comprehenders may be Several authors have entertained the possibility that 
Broca 's aphasies in particular, have an impairment in automatically accessing the 
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representations in the semantic lexicon (eg, Baum, 1989, Milberg et al, 1987, 
Milberg et al, 1995, Swinney et al, 1989) But other evidence suggests that the 
integration of lexical information into the preceding word or sentence context might 
be impaired in aphasia (e g, Hagoort, 1990, 1993, Tyler & Ostnn, 1994, Tyler et al, 
1995) This latter idea is further tested in the present thesis 
In order to address the question of whether aphasie comprehension deficits result from 
a delay in the integration of lexical information into the higher order representation of 
the preceding context, an experimental method is required that taps into these 
processes while they are being executed by the language understander Relatively few 
studies in the aphasia literature have used tasks that are able to address the question 
of whether aphasie comprehension disorders result from a deficit in real time language 
processing The ERP-method provides a potentially powerful tool to do so Thus far, 
however, ERPs have not been applied to study the functional nature of comprehension 
deficits in aphasie patients In the following section, I will argue that ERPs provide a 
promising method to study language comprehension deficits in aphasia I will start this 
section with a brief general introduction to the ERP-method (this introduction is by no 
means comprehensive, for an extensive review see Kutas & Van Petten, 1994) 
ERPs in the study of language and aphasia 
In the experiments in this thesis, event-related brain potentials (ERPs) were recorded 
while subjects were listening to the linguistic input ERPs reflect the summation of 
synchronous post-synaptic activity of large populations of neurons engaged in 
information processing (e g, Allison, Wood, & McCarthy, 1986) These electrical 
signals can be recorded from the intact scalp in the electroencephalogram (EEG) 
ERPs are distinguished from the background EEG activity of the brain by making a 
time-locked average over several stimulus events This averaging procedure is 
explained in Figure 1 As can be seen in this figure, the EEG signal is much larger 
(50-100 ц ) in amplitude than the ERP (1-5 ц ) Averaging over a number of similar 
stimuli increases the signal-to-noise ratio of the ERP relative to the spontaneous EEG, 
the idea being that all the neural activity that is not related to the processing of this 
event is random with respect to the time of the stimulus onset, and will thus be 
canceled out The number of stimuli that are needed for a reliable ERP vanes, and is 
dependent upon the size of the ERP For language experiments a minimum of 25 trials 
is normally required (Kutas & Van Petten, 1994) The averaged signal will typically 
include a number of positive and negative voltage peaks that appear at specific 
latencies, and that have a particular distribution over the scalp Different studies vary 
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in the way they plot the polarity of the ERPs Throughout the present thesis, negative 
polarity is plotted upward (see Figure 1). The ERP shown in Figure 1 is an averaged 
waveform over auditorily presented words that were preceded by an unrelated context 
word. The average waveform was computed over trials that were not contaminated by 
artifacts. Artifacts can result from eye movements, blinks, muscle activity, changes 
in skin conductivity, and heart beat. In the experiments that are reported in the present 
thesis, the off-line procedure to deal with these artifacts involves two steps. Firstly, 
the blink artifacts are corrected for by a procedure that is described by Gratton, Coles 
and Donchin (1983). And in the second step, the trials that are corrected for blinks but 
that still contain any of the other artifacts are rejected, that is, they are not included in 
the average. 
-50 μν EEG 
д д ^ ь Д л і / и ^ ^ ^ 
si , 1 - ' s2 
1 sec 
s3 s4 
AUDITORY ERP to WORDS 
Word 
Stimulus (s) 
+5 μν 
t 
Word 
Onset 
300 600 
Time (msec) 
900 
Figure 1 The top part of this Figure depicts the electrical activity of the brain as recorded in the 
electroencephalogram (EEG) At several points in time, a word is presented auditorily The EEG signal 
is averaged over a number (usually at least 25) of "similar" stimulus events, time-locked to the onset of 
each stimulus In the bottom part of the Figure an averaged auditory event-related potential (ERP) to 
words is displayed In this ERP waveform, the PI, N1, P2, and N400 components can be discerned Note 
that the amplitude of the ERP (10 ц ) is about ten times smaller than the amplitude of the EEG (100 
μΥ) Positive peaks are depicted downwards, and negative peaks upwards 
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A number of different positive and negative peaks are visible in the waveform that is 
presented in Figure 1 These peaks have typically been labeled according to their 
polarity and their latency in milliseconds measured from stimulus onset (e g , N400), 
or sometimes the ordinal position in the waveform (e g, N1, P2) Some components 
(not visible in Figure 1) are labeled according to the function that they are assumed to 
reflect (e g , Syntactic Positive Shift or SPS, and Phonological Mismatch Negativity 
or PMN) The shorter latency components (e g , N1 in Figure 1), that occur within the 
first 100 ms after the onset of a stimulus, are considered to be "exogenous" sensory 
components because their amplitude and peak latency vary as a function of stimulus 
parameters such as intensity, frequency, and rate of presentation These exogenous 
components are generally not very sensitive to cognitive processes (but see Mangun 
& Hillyard, 1991, for evidence on the modulations of the PI component as a function 
of visual spatial attention) The longer latency components on the other hand vary as 
a function of task demands, instructions, and subjects' mtentions These components 
are relatively insensitive to variations in the physical parameters of the stimulus, and 
can even occur in the absence of a stimulus (e g , when a stimulus is expected but 
omitted) They have therefore been called "endogenous"2 
A component is not necessarily equivalent to a peak or a deflection in the ERP 
waveform, but is defined as a reflection of a specific functional process that is 
generated by a specific set of neurons Since the exact relation between the component 
and the underlying neural generators remains largely unknown, especially for the 
endogenous components, in practice ERP components are distinguished from each 
other by means of experimenta] manipulation, and by looking at the scalp distribution 
(Kulas & Van Petten, 1994) With experimental manipulation, the topographic 
distribution of a component will remain constant, whereas in general the amplitude 
and or the latency of a component will vary as a function of the conditions in the 
experiment 
2
 Some of the endogenous components that will be of relevance in later Chapters are not visible in the 
example in Figure 1 In particular, the P300, and a waveform that has been labeled the Phonological 
Mismatch Negativity (PMN) The P300 is sensitive to the task relevance of a stimulus, and is often 
elicited in a binary decision situation, like for example lexical decision (although an overt motor response 
is not required for the P300 to occur) The amplitude of the P300 is especially sensitive to the probability 
of a stimulus There is no evidence that the P300 is intnnsically related to language processes (for a review 
of the functional nature of the P300 see Donchin, 1981 ) In later Chapters, the P300 component is used 
as a non-linguistic control for the N400 (for detail, see Chapters 2,3,5) The PMN has been described by 
Connolly and Phillips (1994) They showed that the PMN is especially sensitive to phonological 
mismatch The PMN showed up to sentence-final words that were semantically appropriate, but that 
started with a phoneme that was different from the phoneme of the word that had the highest cloze 
probability (see Chapter 4) 
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A problem in the interpretation of ERPs is the fact that multiple components can be 
elicited in the same latency range So for example, as can be seen in Figure 1, the N400 
onsets in the latency range of the P2, and therefore modulations of the N400 can affect 
the P2 and vice versa This is because the two components can overlap at the scalp by 
the simple addition of their voltages It is therefore important to try and dissociate 
these different components on the basis of their topographic distribution, and also by 
experimental means For example, the P2 component has been associated with short 
term memory storage (Chapman, McCrary & Chapman, 1978), but there is no 
evidence in the literature that this component vanes systematically with language 
relevant processing If in a language experiment the amplitude of the P2 vanes with 
conditions, the most parsimonious interpretation is that P2 changes are caused by 
overlapping effects of a component that has proven to be sensitive to language related 
processes (see below) 
The most relevant ERP component for the expenments m this thesis is the N400 The 
N400 is a negative peak m the waveform that is larger over centro-postenor than 
antenor regions of the scalp (Kutas & Hillyard, 1983) In young subjects, the N400 
reaches its maximum amplitude usually between 380 and 440 ms after stimulus onset 
However, this may be delayed in elderly subjects (e g, Gunter, Jackson, «fe Mulder, 
1992) Within the domain of language processing, the N400 is observed with wntten 
input, when words or sentences are presented in the auditory modality, with naturally 
produced connected speech (Holcomb & Neville, 1990, 1991), and with sign language 
(Kutas, Neville, & Holcomb, 1987) In the auditory modality, the N400 begins earlier 
and lasts longer than in the visual modality 
The N400 is especially sensitive to semantic aspects of the linguistic input 
This was first reported by Kutas and Hillyard (1980) who found that the amplitude of 
the N400 to visually presented sentence-final anomalous words ("He spread the warm 
bread with socks") was increased when compared to the N400 to sentence-final 
congruent words ("It was his first day at work") This difference in the amplitude of 
the N400 is referred to as the N400 effect In contrast to semantic anomalies, 
physically deviant words (e g, pnnled in bold-face type) elicited a positive potential 
rather than a negativity Other non-semantic deviations such as musical or grammatical 
violations also failed to elicit the N400 effect (Besson & Macar, 1987, Fnedenci, 
1995, Fnedenci, Pfeifer, & Hahne, 1993, Hagoort, Brown, & Groothusen, 1993, 
Kutas & Hillyard, 1983, Munte, Heinze, & Mangun, 1993, Osterhout & Holcomb, 
1992) 
In sentence context, modulations of the N400 amplitude are not restricted to 
semantic violations Word expectancy and position of the word in the sentence are 
other factors that modulate the amplitude of the N400 (Kutas, Lindamood, & Hillyard, 
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1984, Van Petten &Kutas, 1990, 1991) Kutasetal (1984) observed that the N400 
amplitude is inversely related to cloze probability A larger N400 is obtained when a 
word is less expected given the sentence context Van Petten and Kutas ( 1991 ) found 
that the N400 to open class words was larger at the beginning of the sentence than to 
those at the end of the sentence They also observed an interaction on N400 amplitude 
between word frequency and ordinal position of the open class words in the sentences 
The frequency effect was only observed for the words at the beginning of the sentence 
These findings are consistent with the idea that the N400 effect is modulated by the 
lexical integration process 
The N400 effect is also obtained when the preceding context is limited to one word, 
as is evident from semantic pruning studies (e g , Bentin, McCarthy, & Wood, 1985, 
Boddy, 1986, Holcomb & Neville, 1990, Kutas & Hillyard, 1989) Recent priming 
studies suggest that the N400 effect is not modulated by spreading of activation m a 
semantic network or automatic access to lexical representations, but primarily reflects 
postlexical processes that are involved in lexical integration (Brown & Hagoort, 1993, 
Chwilla, Brown, & Hagoort, 1995, Chwilla, 1996, Holcomb, 1993, Rugg, Furda, & 
Lonst, 1988) There is convincing evidence that priming effects can be explained by 
postulating three different priming mechanisms (Neely, 1991) The first of these 
mechanisms is automatic spread of activation within a lexical-semantic network 
(Collins & Loftus, 1975, Neely, 1977) That is, activation spreads from the semantic 
node associated with the prime to the semantic node associated with the target, thereby 
reducing the processing time of the target upon its presentation The other two priming 
mechanisms are expectancy induced priming, where primes are used for generating 
expectancies about possible targets (Becker, 1980, 1985, Posner & Snyder, 1975), 
and postlexical meaning integration (De Groot, 1985) or semantic matching (Neely & 
Keefe, 1989) These latter priming mechanisms are assumed to reflect more controlled 
processing, in that they are capacity consuming, relatively slow, and presumably under 
the subjects' strategic control 
Brown and Hagoort ( 1993) investigated whether the N400 effect is modulated 
by automatic spread of activation They presented subjects with written words m a two 
word priming paradigm with a lexical decision task The first word of the pair was 
masked, and subjects were unable to identify this word Nonetheless, a benefit in RTs 
to targets that were preceded by a related prime relative to targets that were preceded 
by an unrelated prime was found Under the same circumstances no N400 priming 
effect was observed When the prime is masked, priming effects can only result from 
an automatic spread of activation The absence of an N400 priming effect in this 
masked pruning study therefore indicates that the N400 is not modulated by automatic 
spreading of activation 
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This conclusion is supported by the results of Holcomb (1993) In his study, subjects 
made speeded lexical decisions to related or unrelated target words or pseudowords 
He found larger RT pruning effects for visually degraded than for normal targets, but 
degradation did not affect the size of the N400 priming effect Stimulus degradation 
is assumed to influence the early encoding stages of processing, which in lexical 
decision are assumed to include the automatic lexical access process Therefore, the 
larger RT priming effect to degraded targets most likely results from this level of 
automatic access Absence of an interaction between the size of the N400 pnming 
effect and stimulus degradation indicates that the N400 effect does not reflect the 
automatic lexical access process 
In a senes of experiments Chwilla, (1996) obtamed evidence that the N400 
is sensitive to the more controlled mechanisms in pruning She found an increase m the 
N400 pnming effect when increasmg the proportion of related pairs, suggestmg that 
the N400 pnming effect is sensitive to expectancy induced pnming In addition, she 
found evidence that suggests that in the absence of an overt task such as lexical 
decision, N400 pnming effects are largely due to semantic matching It has been 
argued that the mechanism underlying semantic matching in a word pnming paradigm 
is not unlike the integration process that occurs in the more common processing of 
sentences or discourse (Brown & Hagoort, 1993, Neely, 1991) In both cases word 
meaning has to be matched against the semantic specifications of the context 
In sum, there is evidence that m the context of a sentence or a word, the modulation of 
the N400 amplitude is dependent upon the ease or difficulty with which a word can be 
integrated into the preceding context Its amplitude is larger to words that are difficult 
to integrate, and reduced to words that are easily integrated into a higher order 
representation of the preceding context It has also been shown that the latency of the 
N400 effect can vary (Holcomb & Neville, 1991), and it therefore provides a sensitive 
measure to test the hypothesis of the present thesis This hypothesis is that 
comprehension problems in Broca's and Wernicke's aphasies are related to changes in 
the time course of lexical integration Changes in the time course of lexical integration 
due to aphasia can influence the N400 effect m different ways Relative to their control 
groups (see below) aphasie comprehenders might show a reduction and/or a delay in 
their N400 effect If the integration deficit affects the rate at which lexical information 
is integrated into or matched with the preceding context, then the onset of the N400 
effect might shift to a later moment m time The delay in lexical integration might also 
interfere with the efficient computation of an overall representation of the preceding 
context, which would lead to a reduction in the size of the N400 effect 
In addition to the suitability of the N400 for testing the integration deficit hypothesis, 
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the use of the ERP method, instead of other on-line measures, was furthermore 
motivated by some unique characteristics of ERPs that might, m theory, be very 
advantageous in studying on-line language comprehension in aphasia As with other 
on-line methods, ERPs are a real time measure of cognitive processes as they are being 
executed But in contrast to other on-line measures which are discrete, ERPs provide 
a continuous measure of the neural activity underlying cognitive processes such as 
language comprehension In principle then, the use of ERPs mstead of other on-line 
measures will introduce the possibility of more detailed analyses of changes m the time 
course of language processes m aphasie patients 
In addition, ERPs can be recorded without imposing additional, potentially 
interfering task demands on the aphasie patients, other than the natural task of 
listening to speech for understanding This opens the possibility of testmg patients 
with severe comprehension deficits, that are more difficult to test m other on-line 
paradigms because those paradigms usually require a task that might not be 
understood by these patients Furthermore, the absence of additional task requirements 
while measuring ERPs also precludes task-interference effects on the real time 
language processing operations in aphasie patients 
The potential power of ERPs to study the functional nature of aphasie 
comprehension deficits has not yet motivated many researchers to do so Until now, 
most ERP studies in aphasia have focussed on the question of whether the right 
hemisphere is involved in the language recovery that is observed in some aphasie 
patients (e g , Papanicolaou, Moore, Levin, & Eisenberg, 1987) Others have used 
ERPs to test whether patients with postenor lesions have disorders m phonetic 
perception (Aallonen, Tuomainen, Laine, & Niemi, 1993) Because these studies are 
not related to the subject matter of the present thesis (other than that they also used the 
ERP-method), they will not be discussed further (but for a review see Hagoort & 
Kutas, 1995) 
In order to be able to reliably interpret possible changes in the N400 effect of 
the aphasie patients as reflecting changes in the language-relevant processes, it is 
important to identify the factors that might possibly contaminate the results of the 
experiments and to apply the appropriate controls To control for non-specific effects 
of aging on the N400, the results of the aphasie patients will be compared to a group 
of normal age-matched controls Non-specific effects of brain damage on the N400 
will be controlled for either by comparing the results of these patients to a group of 
non-aphasic patients with a lesion in the right hemisphere (Chapter 2 and 3), or by 
using a within subjects experimental design (Chapter 5) And finally, in addition to the 
N400 paradigm, the different subject groups in Chapters 2, 3, and 5 will also be tested 
with non-linguistic stimuli in a classical tone oddball paradigm (c f Donchin, 1981) 
In neurological ly unimpaired subjects, the infrequently presented tones in such a 
12 Chapter 1 
paradigm will elicit a positive deflection, the P300. Comparing the pattern of P300 
results of this control study to the pattern of N400 results of the language study in the 
different subject groups will help to determine the extent to which possible changes 
in the N400 effect in aphasie patients can be dissociated from the effects of brain 
damage on cognitive ERP-components in general. Only then can the N400 effects be 
reliably related to the specific comprehension impairments in these patients. 
The present thesis 
All the experiments in the present thesis reflect some aspect of the integration of 
lexical information into the preceding context. This context is either formed by one 
word (Chapter 2) or by a sentence (Chapters 3, 4, and 5). The most relevant ERP-
component in these experiments will be the N400. 
Although lexical integration is the general theme of the experiments, the focus 
of the studies differs. The first experiment (Chapter 2) focusses on the question of 
whether comprehension deficits in Broca's and Wernicke's aphasies occur as a function 
of a structural loss of the meaning representations in the semantic lexicon, or as a 
function of a disruption of the processes of lexical access and lexical-semantic 
integration3. Lexical-semantic processing is investigated in a two word priming 
paradigm. The N400 is used to investigate whether associative and purely semantic 
priming effects occur in these aphasie patients. For an N400-priming effect to occur, 
it is assumed that the meaning of the second word in a pair has to be matched or 
integrated with the meaning of preceding context word. A successful match of a target 
word to a related prime can only take place when the representation of the meaning of 
the words in the mental lexicon is intact and has been accessed. 
In the next experiment (Chapter 3), the N400 is used to test the aphasies' 
ability to integrate lexical information in the context of a sentence4. The general aim 
of this study is to determine whether spoken sentence comprehension problems in 
these patients might result from a deficit in the on-line integration of lexical 
information. This is done by comparing the N400 to sentence-final congruent words 
with the N400 to sentence-final anomalous words. The difference between these 
3
 In a different form, this study has been accepted for publication in Brain The title of this paper is 
"Lexical-semantic event-related potential effects in left hemisphere patients with aphasia and right 
hemisphere patients without aphasia". 
4
 Chapter 3 has been accepted for publication in the Journal of Cognitive Neuroscience The title of 
this paper is1 "Spoken sentence comprehension deficits in aphasia Event-related potential evidence for 
a lexical integration deficit" 
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conditions, the N400 effect, results from the fact that the mismatching information of 
the sentence-final words in the anomalous conditions is difficult to integrate mto the 
preceding sentence context Evaluation of the N400 effect in aphasie patients 
compared to their controls will elucidate whether their comprehension deficit is related 
to a less efficient and/or delayed integration of lexical information mto the higher order 
representation of the preceding sentence context 
Finally, in a third senes of experiments (Chapters 4 and 5), the focus is on the 
selection of the appropriate readings of words with multiple meanings on the basis of 
information in the sentence context Here, lexical integration is a necessary 
prerequisite for successful selection of the mtended reading of an ambiguous word 
The N400 is used to evaluate temporal aspects of the selection and integration 
processes in aphasie patients Chapter 4 presents the results for young control subjects, 
and Chapter 5 presents the results for the elderly controls and the aphasie patients To 
address the time course issue, the ISI between sentence and targets is varied The study 
m Chapter 4 provides a baseline in young neurologically unimpaired subjects, against 
which the pattern of results in Chapter 5 can be compared But in addition, the results 
in Chapter 4 are discussed in the light of current models on ambiguity resolution m 
normal language comprehension The results of Chapter 5 help to elucidate whether 
contextual selection is disrupted in Broca's aphasies as a function of a delay in lexical 
integration The data of the study in Chapter 5 are also evaluated against the idea of 
Swinney et al (1989), that Broca's aphasies are unable to activate the subordinate 
meaning of ambiguous words 
Broca's aphasies are studied in all the experiments described in the coming 
Chapters, and Wernicke's aphasies are tested in the expenments described m Chapters 
2 and 3 However, although these broad clinical classifications are used throughout 
this thesis, an additional variable of interest is the seventy of their comprehension 
deficit as established by their scores on a comprehension subtest of the standardized 
Dutch version of the Aachen Aphasia Test (AAT) (Graetz, De Bleser & Willmes, 
1992) The extent of the comprehension deficits in aphasia is used as an independent 
variable, irrespective of clinical syndrome classification This is done because the 
classification of aphasie patients into syndrome categones is biased by deficit 
symptoms in language production In addition, the legitimacy of categonzing patients 
by syndromes is an issue of dispute among neurolinguistic researchers (e g, Bates, 
Appclbaum, & Allard, 1991,Caplan, 1988, Caramazza, 1984, 1986, Shalhce, 1988) 
To summarize, the central goal of the research reported in this thesis is to test the 
hypothesis that aphasie comprehension deficits are related to a reduced ability to 
integrate lexical information into a preceding word or sentence context The 
independent \ anable in the expenments is the N400 component of the ERP Using the 
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ERP method to study deficits in real time language comprehension in aphasia is a 
"new" enterprise. The results of the experiments in this thesis will therefore also 
elucidate what the contribution of the ERP-method is to this field of aphasia research. 
The next four Chapters of this thesis will present the experiments. Chapters 
2 and 3 have been written in such a way that they can be read individually. This will 
sometimes lead to some overlap in the introduction of the relevant issues. Chapters 4 
and 5 on the other hand, both present studies on the resolution of lexical ambiguities 
in sentence context, and they share experimental methodology. Chapter 4 presents a 
validation study in young controls. In Chapter 5 half of the validated materials will be 
used to examine the time course of ambiguity resolution in age matched control 
subjects and in Broca's aphasies Finally, in Chapter 6 the results of the different 
studies will be discussed in the light of the hypothesis that language comprehension 
deficits in aphasia are related to a deficit in the integration of lexical information. 
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2 
UNDERSTANDING WORDS IN THE CONTEXT OF 
OTHER WORDS: A PRIMING STUDY 
The ability to understand spoken words can be severely disrupted in aphasia, as is 
evident both from clinical assessment, as well as from experimental results (e g, 
Goodglass & Baker, 1976, Grober, Perecman, Kellar, & Brown, 1980, Zunf, 
Caramazza, Myerson, & Galvin, 1974) Many studies have tried to pinpoint the nature 
of mis lexical-semantic deficit Zunf et al (1974), for instance, presented aphasie and 
control subjects with triplets of words and asked them to point to the two words of the 
triplet that best went together The words varied along semantic dimensions such as 
human-nonhuman, ferocious-harmless, etc In this study, Wernicke's aphasies were 
mostly unable to group the words according to their shared semantic features In 
contrast to the Wernicke's aphasies, the performance of Broca's aphasies was 
qualitatively similar to normal controls Results of this study and of other studies 
asking for explicit semantic judgements led to the claim that Wernicke's aphasies 
suffer from a partial loss or disintegration of the representational structures for 
semantic information, but that in most Broca's aphasies the semantic lexicon is 
structurally largely unaffected (e g , Grober et al, 1980, Zunf et al, 1974) 
The results of a number of recent word priming studies challenge this 
conclusion (Blumstein, Milberg, & Shner, 1982, Chenery, Ingram, & Murdoch, 1990, 
Friedman, Glosser, & Diamond, 1988, Hagoort, 1993, Katz, 1988, Milberg & 
Blumstein, 1981, Milberg, Blumstein, & Dworetzky, 1987, Ostnn & Tyler, 1993, 
Prather, Zunf, Stern, & Rosen, 1992) In these studies subjects had to make a lexical 
decision, that is they had to decide as quickly as possible whether orthographically 
legal letter strings or phonotactically legal sound sequences were existing words or not 
It has been firmly established that lexical decisions by neurologically unimpaired 
subjects are made faster and more accurately to words that are pnmed by a preceding 
word that is related m meaning, than to words preceded by an unrelated word context 
(Meyer & Schvaneveldt, 1971, see Neely (1991) for an extensive review) These 
priming effects reflect, directly or indirectly, that lexical concepts in semantic memory 
are clustered according to some matnx of semantic similanty (cf Collins & Loftus, 
1975) A prerequisite, therefore, for obtaining priming effects is that the semantic 
lexicon is structurally largely unaffected 
20 Chapter 2 
In contrast to what would have been predicted from the results of the explicit 
judgement studies, Wernicke's aphasies did show significant priming effects Their 
lexical decisions to target words that were pruned by a related context word were 
shorter than when preceded by an unrelated word (Blumstein et al, 1982, Friedman 
et al, 1988, Hagoort, 1993, Milberg et al, 1987) The other surprising finding of the 
word priming studies was that the Broca's aphasies sometimes did not show the 
expected priming effects (Milberg & Blumstein, 1981, Milberg et al, 1987), although 
in other studies they did (Blumstein et al, 1982, Hagoort, 1993, Katz, 1988, Ostnn 
& Tyler, 1993) 
These results have led to the idea that comprehension problems in Broca's and 
Wernicke's aphasies should be explained in terms of a processing deficit (cf Milberg 
et al, 1987, Hagoort, 1993) The finding that Wernicke's aphasies do show priming 
effects is difficult to reconcilíate with the claim that their lexical-semantic deficits are 
due to a loss of "the integrity of the stored lexical knowledge base" (Milberg et al, 
1987, ρ 139) Instead they seem to be able to automatically retrieve word meaning, but 
fail in further exploiting this information when they have to elaborate on aspects of the 
retrieved word meanings (cf Graf & Mandler, 1984, Hagoort, 1993) For Broca's 
aphasies on the other hand, it has been proposed that the failure to find priming effects 
m some studies might be related to an impairment in the automatic routines to access 
lexical-semantic information (Milberg et al, 1987) 
Two criticisms have been raised agamst claims based on the results of these priming 
studies The first criticism concerns the conclusion that semantic deficits in Wernicke's 
aphasies are not a consequence of structural impairments of the semantic lexicon The 
second criticism focuses on the clami that Broca's aphasies are impaired in automatic 
lexical access 
Apart from the Friedman et al (1988) study, all priming studies in which 
Wernicke patients showed priming effects used primes and targets that were not only 
semantically related, but were also strong associates It has been suggested that m 
these cases priming effects are not necessarily a result of semantic relatedness, but 
could be due to connections between the word form representations (Fischler, 1977, 
Lupker, 1984, Moss, 1991, Shelton & Martin, 1992) Therefore, these results are 
thought to be inconclusive with respect to the nature of lexical-semantic deficits in 
aphasia To meet this criticism, in this study both purely semantic, non-associatively 
related word pau's, and word pairs that were strong associates were used 
Concerning the second criticism, Milberg et al (1987) concluded for the 
Broca's aphasies from the absence of a pruning effect m these patients that they "have 
a processing deficit m automatically accessing lexical representations of words" 
(p 138) However, both the empirical and the theoretical basis of the claim for an 
Word Context Effects 21 
automatic access deficit in Broca's aphasies is actually rather weak. So far, the 
majority of priming studies have found largely normal priming results in patients with 
Broca's aphasia (Blumstein et al., 1982; Hagoort, 1993; Katz, 1988; Milberg et al., 
1988; Ostrin & Tyler, 1993). Only two studies (Milberg & Blumstein, 1981 ; Milberg 
et al., 1987) did not obtain normal priming effects. 
The theoretical weakness of the claim resides in the implicit assumption that 
word priming studies only or mainly tap automatic processing of lexical information, 
including word meaning. As has been argued elsewhere (Hagoort, 1993), there is 
convincing evidence (Balota & Chumbley, 1984; De Groot, 1984; De Groot, 
Thomassen, & Hudson, 1986; Keefe & Neely, 1990; Neely, 1977, 1991; Neely & 
Keefe, 1989; Neely, Keefe, & Ross, 1989; Seidenberg, Waters, Sanders, & Langer, 
1984) that priming effects can be attributed to both automatic and more controlled 
priming mechanisms, such as expectancy induced priming and semantic matching 
(Neely, 1991). A number of factors determine whether automatic or controlled priming 
mechanisms are the main contributors to the overall priming effect. One of these 
factors is the stimulus-onset-asynchrony (SOA) between prime and target. Automatic 
priming is mainly tapped at short SOAs, whereas controlled priming mechanisms 
contribute largely to priming effects observed at long SOAs (e.g., De Groot, 1984; 
Neely, 1977, 1991). The studies in which no priming effects were observed in the 
Broca's aphasies (Milberg & Blumstein, 1981; Milberg et al., 1987) used relatively 
long intervals between the onsets of the primes and the targets. Hagoort ( 1993) varied 
the interval between primes and targets, and observed basically normal priming results 
at short intervals but no priming at long intervals in a group of Broca's aphasies and 
a group of Wernicke's aphasies. Therefore, it cannot be safely concluded that the 
absence of a priming effect in the studies of Milberg and colleagues is due to an 
impairment in automatic lexical processing. Overall, the results of the reaction time 
priming studies with aphasie patients suggest that a more likely functional locus of 
reduced or absent priming effects is at the postlexical level of semantic matching of 
primes and targets. 
Another factor potentially influencing the priming results are the task require-
ments. These might induce strategic factors that are not normally (i.e., during ordinary 
language comprehension) involved in lexical processing (cf. Brown, Hagoort, & 
Chwilla, submitted; Chwilla, Brown, & Hagoort, 1995). In this study, it was tried to 
avoid task-induced strategic influences as much as possible, by asking subjects to 
perform only the natural task, which in this case is listening to auditorily presented 
words. This precluded the use of the traditional on-line methods like lexical decision 
or word monitoring, because these methods always require a task, and motivated the 
choice to record ERPs, which can be reliably measured without any additional task 
(e.g., Brown, Hagoort, & Chwilla, submitted). 
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ERPs have been shown to be sensitive to the relation between words More 
specifically, the N400 amplitude is reduced to the second of a pair of words if it is 
associaùvely or semantically related relative to words that are preceded by an unrelated 
word (e g, Bentin, McCarthy, & Wood, 1985, Boddy, 1986, Holcomb & Neville, 
1990, 1991, Kutas & Hillyard, 1989, Rugg, 1985, 1987) This N400 semantic 
priming effect has been observed for both written and spoken words For spoken 
words, the N400 effect appears to be earlier and more prolonged, as well as symmetric 
or slightly larger over the left than the right hemisphere (Holcomb & Neville, 1990) 
With respect to the processing nature of the N400 effect, there is recent evidence that 
both in a sentence and at the word-word level it primarily reflects postlexical processes 
that are involved in semantic integration (Brown &Hagoort, 1993, Brown, Hagoort, 
& Chwilla, submitted, Chwilla, Brown, & Hagoort, 1995, Hagoort, Brown, & 
Groothusen, 1993, Holcomb, 1993, Rugg, Furda, & Lonst, 1988) 
The goal of the study in this Chapter is to further determine the nature of lexical-
semantic processing deficits in aphasies patients by assessing N400 priming effects 
in these subjects The N400 effects m these patients were not only investigated m 
relation to their aphasia syndrome (Broca's or Wernicke's aphasia), but also, 
independent of their syndrome classification, with respect to their scores on a 
comprehension subtest of a standardized aphasia test battery This will allow the 
evaluation of the influence of the seventy of the comprehension deficit on the N400 
priming effects 
As was already specified in Chapter 1 of this thesis, a number of additional 
recordings had to be done in order to be able to determine whether possibly abnormal 
N400 effects in the aphasie patients can be related in a meaningful way to their 
specific comprehension deficit (see Hagoort & Kutas, 1995) First, a control group of 
neurologically unimpaired subjects was tested These elderly controls were matched 
to the patients on age, education and handedness In addition, a group of non-aphasic 
patients with a lesion in the right hemisphere was tested to control for non-specific 
effects of brain damage on cognitive ERPs And finally, in order to determine the 
linguistic specificity of possibly abnormal ERPs, the patients were also tested in a 
classical oddball paradigm It is a standard observation in ERP research that in 
neurologically intact subjects the infrequently presented tones in such a paradigm elicit 
a large positive deflection in the ERP waveform, which has been labeled the P300 (cf 
Fabiani, Gratton, Kans, & Donchin, 1987) It was tested whether or not possible 
changes in the N400 to word stimuli were correlated with the P300 elicited in the tone 
oddball paradigm If m patients changes in N400 effects are exactly matched by 
changes in P300 effects, these changes might be indicative of a less specific 
consequence of brain damage or a less specific cognitive deficit than one would 
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conclude from clear associations between the results for these two endogenous 
components 
METHOD 
Subjects 
The subjects in this expenment were 20 aphasie patients, 8 patients with a right 
hemisphere lesion, and 12 elderly controls The elderly control subjects and the right 
hemisphere patients were paid for their participation The testing procedures were 
approved by the ethical committee of the Nijmegen University Hospital All healthy 
control subjects and all neurological patients had given informed consent, according 
to the declaration of Helsinki All subject groups were approximately matched with 
respect to age and level of education All elderly control subjects were nght-handed 
according to an abridged version of the Oldfield Handedness Inventory (Oldfield, 
1971) None of these subjects reported familial left handedness The aphasie patients 
and the right hemisphere patients were also (premorbidly) right handed According to 
the responses on a second questionnaire, none of the elderly control subjects had any 
known neurological impairment or used neuroleptics None of the control subjects 
reported hearing loss or memory problems 
All neurological patients were administered the standardized Dutch version 
of the Aachen Aphasia Test (AAT) (Graetz, de Bleser, & Willmes, 1992) Time of 
administration was at least six months post onset Both presence and type of aphasia 
were diagnosed on the basis of the AAT results and on the basis of a transcribed 
sample of the patient's spontaneous speech All right hemisphere patients were 
diagnosed as non-aphasic Thirteen patients with a left hemisphere lesion were 
diagnosed as Broca's aphasies, and seven left hemisphere patients were diagnosed as 
Wernicke's aphasies According to their scores on the comprehension subtest of the 
AAT, aphasie patients had severe to mild comprehension deficits In the 
comprehension subtest of the AAT, patients are required to match the linguistic input 
to one out of four pictures The linguistic input consists of both single words and 
sentences, both written and spoken Table 1 summarizes the relevant aspects of the 
individual patient history and AAT results These include for all neurological patients 
information on age, gender, lesion volume, performance on the AAT subtest on 
comprehension, and scores on the Token Test (TT) The TT is a valid measure of the 
general seventy of the aphasia, independent of syndrome type (Orgass, 1986, Willmes, 
1993) The general seventy of the aphasia ranged from light to severe The TT results 
also substantiate that none of the nght hemisphere patients was aphasie (see Table 1) 
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Table 1 Individual patient information for Broca's aphasies, Wernicke's aphasies, and non-aphasic 
patients with a right hemisphere lesion The aphasie patients were clustered on the basis of their 
comprehension scores into High Comprehenders (HI) and Low Comprehenders (LO) 
Patient 
01 Broca HI 
02 Broca HI 
03 Broca HI 
04 Broca LO 
05 Broca LO 
06 Broca HI 
07 Broca LO 
08 Broca HI 
09 Broca — 
10 Broca HI 
11 Broca LO 
12 Broca LO 
13 Broca — 
14 Wernicke HI 
15 Wernicke LO 
16 Wernicke LO 
17 Wernicke HI 
18 Wernicke Ш 
19 Wernicke LO 
20 Wernicke LO 
21 Right Hem 
22 Flight Hem 
23 Right Hem 
24 Right Hem 
25 Right Hem 
26 Right Hem 
27 Right Hem 
28 Right Hem 
Age 
40 
49 
60 
37 
68 
71 
42 
53 
72 
64 
58 
66 
27 
45 
51 
65 
52 
60 
67 
62 
71 
58 
50 
56 
59 
66 
43 
56 
Sex 
m 
m 
f 
f 
m 
Γ 
m 
m 
f 
m 
f 
m 
m 
f 
m 
m 
m 
m 
m 
m 
f 
m 
f 
m 
m 
f 
m 
m 
Token 
Test* 
17 
31 
18 
31 
34 
7 
41 
13 
20 
25 
20 
28 
24 
21 
43 
45 
30 
33 
44 
47 
0 
0 
4 
1 
3 
2 
0 
1 
Compreh 
Score AAT·* 
94/120 
92/120 
104/120 
85/120 
65/120 
108/120 
65/120 
98/102 
87/120 
108/120 
82/120 
76/120 
93/120 
99/120 
66/120 
— 
95/120 
87/120 
84/120 
84/120 
120/120 
118/120 
96/120 
117/120 
106/120 
103/120 
114/120 
110/120 
Auditory 
Compreh 
Score AAT 
45/60 
44/60 
49/60 
49/60 
37/60 
52/60 
33/60 
49/60 
41/60 
50/60 
48/60 
42/60 
47/60 
48/60 
37/60 
39/60 
48/60 
45/60 
40/60 
42/60 
60/60 
60/60 
45/60 
57/60 
54/60 
48/60 
56/60 
56/60 
Lesion 
Volume 
in cm' 
59 60 
66 40 
— 
112 10 
72 90 
127 10 
219 05 
49 55 
— 
60 35 
85 05 
— 
14185 
64 65 
67 20 
123 65 
110 90 
25 40 
88 25 
26 90 
— 
41 10 
— 
99 65 
75 05 
43 45 
95 60 
43 25 
* Seventy of disorder as indicated by the Token Test no/very mild disorder (0-6), light (7-23), middle (24-
40), severe (>40) 
** Seventy of comprehension disorder as indicated by the AAT subtest Comprehension (includes word 
and sentence comprehension in both auditory and visual modality) severe (1-66), middle (67-89), light 
(90-106), no/very mild disorder (107-120) In addition, the score on the auditory part of the 
comprehension subtest (both words and sentences) is specified 
Ranges of seventy are based on the norms of the Dutch version of the AAT 
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All lesions, except one, were due to CVAs The lesion of one patient (pt 13) was due 
to a bactenal meningitis Figures 1, 2, and 3 give the CT/MRI lesion data of all the 
patients for whom adequate CT/MRI information was available Lesions evident on 
a CT/MRI scan were transcribed onto corresponding CT/MRI templates by an 
experienced neurologist These CT/MRI templates were read mto a computer program 
that permitted reconstruction of the lateral perspective, determination of lesion volume, 
and the computation of the group-averaged lesions (Frey, Woods, Knight, Scabini, & 
Clayworth, 1987, see Knight, Scabini, Woods, & Clayworth, 1988, for detail) Figures 
1, 2, and 3 show the average axial reconstructions and lateral views of the Broca's 
aphasies, the Wernicke's aphasies, and the right-hemisphere patients respectively 
Although the lesions of both patients with a Broca's aphasia and patients with 
a Wernicke's aphasia cover a large area of the left hemisphere, Figure 1 shows that the 
averaged lesion in the Broca's aphasies has its largest area of overlap in the left 
postenor frontal lobe with some temporal lobe involvement, whereas the averaged 
lesion of the Wernicke's aphasies (see Figure 2) shows a more left postenor focus, 
largely restneted to the supenor and middle temporal lobe with some panetal 
involvement The averaged lesion of the nght hemisphere patients (Figure 3) shows 
a more diffuse image without a clearly focused area of overlap 
The mean age for the normal control subjects was 59 3 years (range 50-70), 
the mean age for the nght hemisphere patients was 57 4 years (range 43-71), for the 
Broca's aphasies it was 54 4 (range 27-72), and for the Wernicke's it was 57 4 (range 
45-67) 
Materials 
The stimuli consisted of two lists of auditonly presented Dutch word pairs 
Presentation of these two lists was blocked Each list contained 83 word pairs that 
were related in meaning, and an additional 83 unrelated pairs In line with the standard 
usage in the literature on word priming, the first word will be referred to as the prime, 
and to the second as the target The lists differed with respect to the type of relation 
between the words m the related pairs 
In the associative list the related word pairs (e g , 'bread-butter') consisted 
of strong associates A pair was considered to be associatively related if the target 
word appeared as an associate of the prime in published Dutch word association norms 
(De Groot, 1980, De Groot & De Bil, 1987, Lauteslager, Schaap, & Schievels, 1986) 
All related target words except four, appeared as the first associate m the norms The 
targets had a mean association frequency of 45 9% (s d 15 2) Targets m the related 
and unrelated condition were closely matched in lexical frequency The frequencies 
were established on the basis of Dutch frequency norms for a corpus of 720 000 words 
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0% 50% 100% 
Figure 1 Lesion extent of the Broca's aphasies Lesions determined by available CT-scans or MRI-scans 
from individual patients were transenbed onto templates 0° to canthomealal line These lesion data were 
then read into a reconstruction program. The digitized data were averaged to generate the group lesion 
densities The 11 lines through the lateral reconstruction indicate the 11 axial sections The shading area 
indicates the percentage of patients with damage in the corresponding area Lesions were averaged over 
10 Broca's aphasies 
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WERNICKE'S APHASICS 
1 2 
0% 50% 100% 
Figure 2 Lesion extent over the Wernicke's aphasies (n=7) For details see Figure 1 
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RIGHT HEMISPHERE PATIENTS 
0% 50% 100% 
Figure 3 Lesion extent of the right hemisphere patients for whom adequate CT/MRI information was 
available (n=6). For details see Fig. 1. 
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(Uit den Boogaart, 1975) Targets had a mean lemma frequency of 87 6 (s d 134 9) 
in the related condition, and 79 1 (s d 149 8) in the unrelated conation The mean 
duration of the auditory primes was 584 ms (s d 99 ms) The targets had a mean 
duration of 562 ms (549 ms in the related condition (s d 101 ms), and 574 ms m the 
unrelated condition (s d 94)) 
In the semantic list all related word pau's were nouns that we-c emantically, 
but not associatively related (eg, 'church-villa") As items for the semantic list 
prototypical members of 31 semantic categories were selected Prototypicahty ratings 
were derived from Vonk (1977) and a short pretest Related word pairs were 
constructed by pairing two members of the same semantic category (e g , 'church-
villa') The unrelated items were constructed by pairing members from different 
semantic categories (e g, 'hand-cherry') All primes of the word pairs that were 
constructed in this way were used in an association test In this test, twenty subjects 
from the University of Nijmegen who were paid for their participation, were required 
to write down for every prime the first three words that came to mind One or more 
occurrences of the target word among the 60 responses to a prime, led to the removal 
of the word pair from the stimulus list In this way it was established that none of the 
remaining 83 semantically related word pairs were also associatively related 
The targets in both conations were closely matched in lexical frequency The 
83 related targets had a mean lemma frequency of 40 5 (s d 76 4) The mean lemma 
frequency of the unrelated targets was 33 7 (s d 69 2) The primes had a mean 
duration of 593 ms (s d 111 ms) On average the targets had a duration of 583 ms 
(586 ms in the related condition (s d 105 ms), and 579 ms in the unrelated condition 
(sd Ulms) 
The 166 experimental items of each list were preceded by six startup items 
The experimental session began with a set of 48 practice items to familiarize the 
subjects with the experimental situation See the Appendix for the full set of the 
experimental items 
All words were spoken by a female speaker in a sound-attenuating booth and 
recorded on a digital audio tape Subsequently, the stimuli were stored m a VAX 750 
computer A speech waveform editing system was used to construct the word pairs A 
pulse for triggering the EEG sampling programme was placed 150 ms before prime 
onset The pulse was inaudible to the subjects The stimulus onset asynchrony (SOA) 
between primes and targets was 1183 ms The silent interval between primes and 
targets varied between 300 and 840 ms Word paus were separated by a 4 second 
silent interval One digital audio test tape was constructed containing the practice set 
and both experimental lists 
In addition to the test tapes with word stimuli, a digital audio tape was 
constructed with tones This tape contained 300 tones, 60 tones of 1 kHz and 240 
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tones of 2 kHz. The tones were presented in a random order with a frequency of one 
per second, and had a duration of 20 ms. A trigger pulse was placed 150 ms before the 
onset of each 1 kHz tone, and before the onset of 60 randomly chosen 2 kHz tones. 
The 300 experimental tones were preceded by a practice set of 50 tones (10 tones of 
1 kHz, and 40 tones of 2 kHz), to familiarize the subject with the stimuli and the task. 
Procedure 
The subjects were tested individually in a dimly illuminated sound-attenuating booth, 
seated in a comfortable reclining chair (apart from five patients who had to be tested 
in their wheelchair). They were instructed to move as little as possible, and to keep 
their eyes fixated on a marker on the wall at eye level. For the word stimuli, subjects 
were asked to listen attentively to the words. No additional task demands were 
imposed. All stimuli were presented via a DAT-recorder (SONY 300ES). The subjects 
listened to the stimuli via a closed-ear Sennheiser HMD-224 headphone. 
The elderly controls were tested in one session, a total of 35 minutes of 
stimulation. The order of presentation of the two word lists was counterbalanced 
across subjects. The patients were tested in two separate sessions. Each session started 
with the practice list to familiarize the subjects with the stimulation situation and to 
train them to fixate their eyes during word presentation and to blink between trials. If 
necessary, the practice list was repeated. The experimental lists were interrupted at 
least four times for a short break. The order of the associative and semantic list session 
was counterbalanced as much as possible for the three patient groups. 
At the end of a session, the subjects were interviewed about the salient 
features of the word stimuli. This was done to test whether they had noticed the 
semantic relations between words. 
The ERPs to the tones in the oddball paradigm were recorded in a separate 
session. Subjects were asked to silently count the low tones, and to give a running total 
at the end of the session. Patients who were unable to count, were assessed in the 
practice session for their ability to discriminate between the 1 kHz and 2 kHz tones, 
by asking them to raise their index finger upon the occurrence of a low tone. All 
patients showed good discrimination performance. 
EEG recording 
EEG activity was recorded using an Electrocap with 7 scalp tin electrodes, each 
referred to the left mastoid. Three electrodes were placed according to the International 
10-20 system (Jasper, 1958) at frontal (Fz), central (Cz), and parietal (Pz) sites. 
Symmetrical anterior temporal electrodes (AL, AR) were placed halfway between F7 
Word Context Effects 31 
and T3, and F8 and T4 sites, respectively. Symmetrical posterior temporal electrodes 
(PL, PR) were placed lateral (by 30% of the interaural distance) and 13% posterior to 
the vertex. Vertical eye movements and blinks were monitored via a supra- to sub-
orbital bipolar montage. A right to left canthal bipolar montage was used to monitor 
for horizontal eye-movements. Activity over the right mastoid bone was recorded on 
an additional channel to determine if there were different experimental contributions 
to the two presumably neutral mastoid sites. No such differential effects were observed 
in any of the data. 
The EEG and EOG recordings were amplified with Nihon Kohden AB-601G 
bio-electric amplifiers, using an Hi-Cut of 30 Hz and a time constant of 8 seconds. 
Impedances were kept below 5 kOhm. The EEG and EOG were digitized on-line with 
a sampling frequency of 200 Hz. Sampling started 150 ms before the presentation of 
the prime, and in the oddball task 150 ms before the sampled tones. Sampling for the 
word stimuli continued for a period of 3 seconds, and 850 ms for the tone stimuli. The 
experimental trials were stored along with condition codes for off-line averaging and 
data analysis. 
RESULTS 
First the N400 effects for the two lists of word pairs will be discussed, and then the 
P300 effects in the tone oddball task. In a final result section, individual subject 
comparisons between the ERP measures will be presented. 
Analysis of N400 effects 
Prior to off-line averaging, all single trial waveforms were screened for electrode 
drifting, amplifier blocking, and other artifacts. Trials containing such artifacts were 
rejected. For subjects with a substantial number of blinks, single trials were corrected 
via a procedure described by Gratton, Coles, & Donchin (1983). This correction 
procedure estimates and removes the contribution of eye blinks from the ERP recorded 
at each electrode site. For the time-locked latency windows that the analyses will be 
reported on (more details below), the overall rejection rate was 23% for the elderly 
controls, 32% for the aphasie patients, and 35% for the patients with a right 
hemisphere lesion. 
Average waveforms were computed by subject over the related and unrelated 
target words (i.e., the second words of the pairs) in the associative and the semantic 
list. Statistical analyses on the N400 effects were performed on the basis of the mean 
amplitudes in the latency range of 400-750 ms post target. This latency range was 
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determined on the basis of a visual inspection of the waveforms (see Figures 4 - 11), 
and is certainly later than the latency range of N400 effects usually observed for young 
student subjects, but fits with earlier reports on the longer latency of N400 effects in 
elderly subjects (Gunter, Jackson, & Mulder, 1992, Harbin, Marsh, & Harvey, 1984) 
Calculations of the mean amplitudes were done separately for each of the seven 
electrodes, relative to a 100 ms pre-targel baseline Since the N400 effects show a 
clear postenor distribution, only the values for the centropanetal electrode sites were 
entered into the statistical analyses The mean amplitude values were entered into a 
repeated measures analysis of variance for each subject group separately In the 
analyses, Subjects, Relatedness (related, unrelated), Type of Relation (associative, 
semantic), and Electrode Site (Cz, Pz, PL, PR) were completely crossed In addition, 
analyses of variance were performed in which the patient data were compared to the 
data of the normal controls These analyses had Group of Subjects (normal controls, 
patient group) as the additional between-subject factor To compensate for 
inhomogeneous variances and covanances across treatment levels, the Greenhouse-
Geisser correction was applied when evaluatmg effects with more than one degree of 
freedom in the numerator (Greenhouse & Geisser, 1959, see Winer, 1971) The 
adjusted degrees of freedom and p-values will be presented 
Given that lesion consequences on volume conduction are not easy to 
quantify, one has to be very careful in assigning a cognitive-functional interpretation 
to subtle differences in the scalp distributions of the ERP effects between the different 
subject groups Although the distributional aspects of the effects will be described, as 
a result of this difficulty of quantifying lesion consequences on scalp topography, no 
substantial functional significance will be attached to distributional differences 
between subject groups 
Normal Controls 
Figure 4 shows the average waveforms to related and unrelated target words m the 
associative list for the group of 12 normal controls Figure 5 shows the average 
waveforms for the semantic list in the same group of subjects Both Figures 4 and 5 
show sizeable N1 and P2 components following the onset of the spoken target words 
These components are followed by a broad negative deflection with a clear postenor, 
but symmetncal distribution This negative deflection is very similar in topography to 
previously observed N400s to spoken words (Holcomb & Neville, 1990) The N400 
is substantially larger to unrelated than to related target words This relatedness effect 
holds for both lists, as is substantiated by the ANOVA on the mean amplitude m the 
400-750 ms range post target The analysis yielded a significant effect of Relatedness 
(F(l,l 1)=25 07, MSe=7 40, p= 0004), but no interaction between Type of Relation 
and Relatedness (F<1) The size of the N400 effects is not statistically different for the 
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ELDERLY NORMAL CONTROLS (N=12), 
Associative List 
• related 
unrelated 
600 900 ms 
Figure 4 Grand average ERPs for the normal controls (n= 12) to the unrelated targets (solid line) and the 
related targets (dotted line) in the associative list. 
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ELDERLY NORMAL CONTROLS (N=12), 
Semantic List 
5μΥ 
• related 
unrelated 
900 ms 
Figure 5 Grand average ERPs for the normal controls (n=12) to the unrelated targets (solid line) and the 
related targets (dotted line) in the semantic list 
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associative (-2 01 ц ) and the semantic (-1 92 ц ) list 
In addition to the N400 effects, the amplitude of the P2 is larger m the related 
than m the unrelated target waveforms This P2-effect is larger for the semantic list 
than for the associative list There are no published studies that indicate that the P2 
amplitude is sensitive to aspects of the semantic relation between words Moreover, 
the possibility that the P2-effect is due to an overlapping, differential N400 for related 
and unrelated targets, cannot be easily discarded Hence the focus of the discussion of 
the results will mainly be on the N400, as the functionally most relevant component 
for this study 
Aphasie Patients 
Figures 6 and 7 present the average waveforms for the group of 13 Broca's aphasies 
On the whole, the waveforms for these patients are not very different from the ones of 
the elderly controls Just as for the normal controls, the waveforms of the Broca's 
aphasies show clear N1 and P2 components, albeit that the N1 is slightly reduced in 
amplitude relative to the control subjects 
The N400 is also clearly present in the waveforms, and shows the usual 
centropanetal maximum In the associative list but not m the semantic list, it is slightly 
larger over the left postenor electrode site than over the right postenor electrode site 
Most importantly, the N400 amplitude is larger for the unrelated than for the related 
target words This N400 effect is found to be statistically reliable m an ANOVA, 
which obtamed a significant effect of Relatedness (F(l,12)=26,70, MSe=4 99, 
p= 0002) However, no significant Type of Relation by Relatedness mteraction was 
found (F<1) The size of the N400 effect was not statistically different for the 
associatively related word pairs (-1 79 ц ) and the semantically related pairs (-141 
ц ) In the ANOVA with Group of Subjects (normal controls, Broca's aphasies) as a 
between-subject factor, there was no Subject by Relatedness interaction (F<1), nor was 
there a significant third order interaction between Group of Subjects, Relatedness, and 
Type of Relation (F<1) 
The average waveforms of the 7 Wernicke's aphasies are presented in Figures 8 and 
9 BothNl and P2 components are reduced in the Wernicke's aphasies relative to the 
control subjects The N400 is also clearly reduced, but has retained its centropanetal 
distribution Especially in the semantic list the N400 seems to be slightly larger over 
the nght hemisphere than over the left hemisphere (see Figure 9) Overall, an N400 
effect is still present The ANOVA on the mean amplitude in the 400-750 ms latency 
range yielded a significant effect of Relatedness (F(l,6)=6 15, MSe=3 27, p= 048), but 
no interaction between Type of Relation and Relatedness due to effects of similar size 
in the associative list (-0 78 ц ) and the semantic list (-0 92 ц ) 
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BROCA'S APHASICS (N=13), Associative List 
related 
unrelated 
300 600 900 ms 
Figure 6 Grand average ERPs for the Broca's aphasies (n=13) to the unrelated targets (solid line) and 
the related targets (dotted line) in the associative list 
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BROCA'S ΑΡΗ ASICS (N=13), Semantic List 
5μΥ 
• related 
unrelated 
900 ms 
Figure 7 Grand average ERPs for the Broca's aphasies (n=13) to the unrelated targets (solid line) and 
the related targets (dotted line) in the semantic list. 
38 Chapter 2 
WERNICKE'S APHASICS (N=7), Associative List 
5μΥ 
• related 
unrelated 
900 ms 
Figure 8 Grand average ERPs for the Wernicke's aphasies (n=7) to the unrelated targets (solid line) and 
the related targets (dotted line) in the associative list 
Word Context Effects 39 
WERNICKE'S APHASICS (N=7), Semantic List 
related 
unrelated 
900 ms 
Figure 9 Grand average ERPs for the Wernicke's aphasies (n=7) to the unrelated targets (solid line) and 
the related targets (dotted line) in the semantic list 
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However, a significant three-way interaction between Type of Relation, Relatedness 
and Electrode Site was obtained This interaction is mainly caused by the asymmetrical 
N400 effect in the semantic list, in which electrode PR showed a clear N400 effect but 
electrode PL did not (see Figure 9) The ANOVA with Group of Subjects (normal 
controls, Wernicke's aphasies) as the between-subject factor, resulted in a marginally 
significant interaction between Group of Subjects and Relatedness (F(l,17)=3 72, 
MSe=5 94, p= 07) The size of the N400 effect in the Wernicke's aphasies was 
reduced relative to the normal controls However, no significant Group of Subjects by 
Type of Relation by Relatedness interaction was observed (F<1), indicating that the 
reduction held equally for the associatively and semantically related word pairs 
High vs Low Comprehenders 
The classification of aphasie patients into syndrome categories is biased by deficit 
symptoms in language production In addition, the legitimacy of categorizing patients 
by syndromes is an issue of dispute among neurohnguistic researchers (cf Bates, 
Appelbaum, & Allard, 1991,Caplan, 1988, Caramazza, 1984, 1986, Shalhce, 1988) 
It was therefore decided to group the aphasies patients in a way that was more directly 
related to the seventy of their individual language comprehension deficit That is, the 
twenty aphasie patients were divided into a group of high and a group of low 
comprehenders on the basis of their language comprehension scores on the Aachen 
Aphasia Test A median split of the comprehension scores determined for each 
individual aphasie patient in which group he or she belonged Two patients were 
excluded from this analysis One patient (Table 1, pt 13) was excluded because his 
age and etiology deviated from that of the other patients, thereby potentially 
compromising a straightforward comparison of the N400 effects in the high and low 
comprehenders In order to get two groups of equal size, the second patient was 
excluded, namely the oldest of two patients with a tie at the median score (Table 1, pt 
9) The resulting group of 9 high comprehenders had a mean score of 98 3 (s d 7 2) 
on the comprehension subtest of the AAT, the group of 9 low comprehenders had a 
mean score of 71 9 (s d 14 7) (see Table 1 for individual subject information) 
The ANOVA on the mean amplitudes of these 18 aphasie patients with Group 
of Subjects (high comprehenders, low comprehenders) as the additional factor yielded 
a significant effect of Relatedness (F(l,16)=49 05, MSe=2 57, p< 0001) In addition, 
a significant Group of Subjects by Relatedness interaction was obtained 
(F(l,16)=9 07, MSe=2 57, p= 008) Both subject groups showed a significant N400 
effect (high comprehenders F( 1,8)=48 69, MSe=2 65, p= 0001, low comprehenders 
F(l,8)=8 21, MSe=2 49, p= 021), but the N400 effect was substantially larger in the 
high comprehenders (-1 89 ц ) than in the low comprehenders (-0 75 ц ) This was 
equally true for the associatively related targets (high comprehenders -2 18 ц , low 
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comprehenders: -0.86 ц ) and for the semantically related targets (high 
comprehenders: -1.60 ц ; low comprehenders: -0.65 ц ). 
Two ANOVAs comparing the data of the high and low comprehenders 
respectively against the normal controls did result in a significant interaction between 
Group of Subjects and Relatedness for the low comprehenders (F(l,19)=5.67, 
MSe=5.33, p=028), but not for the high comprehenders (F<1). In neither case was 
there a significant three-way interaction between Group of Subjects, Type of Relation, 
and Relatedness (both F's <1). 
Together, these analyses indicate that the low comprehenders showed a 
reduction in N400 effect compared to both normal controls and high comprehenders, 
whereas these latter two groups did not differ. 
Right Hemisphere Patients 
Figures 10 and 11 present the averaged waveforms for the group of 8 non-aphasic 
patients with a right hemisphere lesion. Relative to the elderly controls, these patients 
also show a reduction in the amplitude of the N1, which is quite comparable in size to 
that of the aphasie patients. For unclear reasons, in the semantic list the N1 seems to 
be reduced in the unrelated compared to the related condition, mainly over the 
posterior sites. However, most importantly, N400s with the characteristic 
centroparietal distribution are also observed in the right hemisphere patients. 
In contrast to the elderly controls and the aphasie patients, however, the 
effects for the associative and semantic list seem to be different in the right hemisphere 
patients. In the associative list (Figure 10) a clear N400 effect with a centroparietal 
distribution is obtained, larger over the left posterior electrode site than over its right 
posterior homologue. In contrast, in the semantic list (Figure 11) the N400 effect is 
much smaller than the effect in the associative list, especially for the posterior 
electrode sites. In addition, the N400 effect is larger for electrode PR than for electrode 
PL. 
The ANOVA on the mean amplitudes of the 8 patients with a right 
hemisphere lesion resulted in a marginally significant main effect of Relatedness 
(F(l,7)=4.51, MSe=13.82, p=07). This main effect was qualified by a Type of 
Relation by Relatedness by Electrode Interaction (F(3,21)=2.50, MSe=1.33, p=.087), 
which however was marginally significant only when the Greenhouse-Geisser 
correction was not applied. This tendency of a three-way interaction was caused by 
both a substantial difference in the size of the N400 effect for the associative list (-
2.04 ц ) and the semantic list (-0.75 ц ), and a difference in the distribution of the 
N400 effect (larger over PL than PR for the associative list, present at PR and absent 
at PL in the semantic list). Note that for the associative list, the N400 effect is of equal 
size as that of the normal controls. 
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RIGHT HEMISPHERE PATIENTS (N=8), 
Associative List 
related 
unrelated 
900 ms 
Figure 10 Grand average ERPs for the right hemisphere patients (n=8) to the unrelated targets (solid 
line) and the related targets (dotted line) in the associative list 
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RIGHT HEMISPHERE PATIENTS (N=8), 
Semantic List 
related 
unrelated 
900 ms 
Figure 11 Grand average ERPs for the right hemisphere patients (n=8) to the unrelated targets (solid 
line) and the related targets (dotted line) in the semantic list 
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However, the effect for the semantic hst clearly deviates from the pattern of the normal 
control group 
Separate ANOVAs for the associative and the semantic list yielded a 
marginally significant effect for the associatively related word pairs (F(l,7)=4 85, 
MSe=13 73, p= 063), but no significant effect for the semantically related word pairs 
(F(l,7)=2 28, MSe=3 97, p= 17) 
An additional ANOVA with Group of Subjects (normal controls, right 
hemisphere patients) as between-subject factor did not yield a significant Group of 
Subjects by Relatedness interaction (F<1) If the Greenhouse-Geisser correction was 
not applied, then there was a significant Group of Subjects by Type of Relation by 
Relatedness by Electrode Site interaction (F(3,54)=2 77, MSe=0 65, p= 05) This was 
mainly due to an opposite asymmetry between the left and the right postenor sites for 
the associative and the semantic N400 effects in the right hemisphere patients, in the 
absence of such a pattern of asymmetry for the normal controls 
In summary, the data suggest that the right hemisphere patients are closer to 
the normals for the associative N400 effects than for the semantic N400 effects Partly 
as a result of a lack of statistical power due to a limited number of patients, this 
difference between the associative and the semantic N400 effects is only weakly 
supported by the statistical analyses 
Analysis ofP300 effects 
Artifact rejection and correction procedures were identical to the ones for the target 
word ERPs The overall rejection rate was 13% for the elderly controls, 14% for the 
aphasie patients, and 14% for the patients with a right hemisphere lesion 
Average waveforms were computed by subject over the 60 rare tones 
(oddballs) and 60 randomly selected frequent tones (standards) Statistical analyses 
on P300 effects were performed on the mean amplitudes m the latency range of 250-
500 ms after tone onset Mean amplitudes were computed relative to a 150 ms pre-
stimulus baseline The resulting values were entered into a repeated measures analysis 
of variance for each subject group separately In the analyses, Subjects, Probability 
(standards, oddballs) and Electrode Site (Cz, Pz, PL, PR) were completely crossed In 
addition, analyses of variance were performed in which the patient data were compared 
to the data of the normal controls These analyses had Group of Subjects (normal 
controls, patient group) as the additional between-subject factor 
Normal Controls 
For different reasons, only 9 of the 12 normal control subjects were available for 
participation in the tone oddball task Figure 12 shows the averaged waveforms of 
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ELDERLY NORMAL CONTROLS (N=9), 
Tone Oddball Task 
• frequent 
rare 
600 ms 
Figure 12 Grand average ERPs for the normal controls (n=9) to the rare oddball tones (solid line) and 
the frequent standard tones (dotted line) in the oddball paradigm 
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these 9 subjects for the standard and oddball tones As is clear from the figure, the 
oddball tones elicited a substantially larger P300 than the standard tones For the 
centropanetal electrode sites, the sizeable effect of 7 29 ц was statistically 
significant (F(l,8)=88 41, MSe=10 81, p< 0001) 
Aphasie Patients 
For afferent reasons, 2 of the 20 aphasie patients were not available for the recording 
of ERPs to the tone oddball task The averaged waveforms for the remaining 12 
Broca's aphasies and 6 Wernicke's aphasies are presented m Figures 13 and 14, 
respectively Five aphasie patients (3 Broca's and 2 Wernicke's aphasies) were unable 
to count, but could discriminate between high and low tones 
As is clear from these figures, both patient groups show an oddball effect, but 
the effect is less peaked and of a smaller size than in the normal controls Moreover, 
this P300 effect is larger over the right hemisphere than over the left hemisphere 
Between the two patient groups no difference is observed m the size of the oddball 
effect over the centropanetal electrode sites in the 250-500 ms latency range (3 02 ц 
for the Broca's aphasies, 2 97 μν for the Wernicke's aphasies) The ANOVA resulted 
in a significant oddball effect for the Broca's aphasies (F(l,l 1)=6 50, MSe=33 7, 
p= 027), and a marginally significant effect for the Wernicke's aphasies (F(l,5)=5 14, 
MSe=20 65, p= 073) Statistical comparisons between the data of the patient groups 
and the normal controls resulted m a significant Group of Subjects by Probability 
interaction for both the ANOVA including the data of the Broca's aphasies 
(F(l,19)=7 77, MSe=24 06, p=012), and the analysis including the data of the 
Wernicke's aphasies (F(l,13)=9 18, MSe=14 59, p= 0097) Both patient groups 
showed a reduced P300 oddball effect relative to the normal controls 
Just as for the N400 results, an additional analysis of the data was done on the 
basis of dividing patients into a group of high and a group of low comprehenders The 
same two patients who were excluded in the N400 analysis on high and low 
comprehenders, were also excluded here Moreover, one patient had only completed 
a reduced version of the tone oddball, and was excluded for this reason To have an 
equal number of patients in the groups of high and low comprehenders, one other 
patient was selected at random and excluded Fourteen patients remained, 7 high 
comprehenders and 7 low comprehenders An ANOVA on the mean amplitudes with 
Group of Patients (high vs low comprehenders) as additional factor, resulted in a 
significant oddball effect (F(l,12)=18 11, MSe=19 59, p=0011) In addition, a 
significant interaction between Group of Patients and Probability was observed 
(F(l,12)=5 11, MSe=19 59, p= 043), indicating that the oddball effect was reliably 
larger for the high comprehenders (5 45 μV) than for the low comprehenders ( 1 67 
Ц ) 
Word Context Effects 47 
BROCA'S APHASICS (N=12), Tone Oddball Task 
frequent 
rare 
600 ms 
Figure 13 Grand average ERPs for the Broca's aphasies (n=l 2) to the rare oddball tones (solid line) and 
the frequent standard tones (dotted line) in the oddball paradigm. 
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WERNICKE'S APHASICS (N=6), Tone Oddball Task 
frequent 
rare 
600 ms 
Figure 14 Grand average ERPs for the Wernicke's aphasies (n=6) to the rare oddball tones (solid line) 
and the frequent standard tones (dotted line) in the oddball paradigm 
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RIGHT HEMISPHERE PATIENTS (N=8), 
Tone Oddball Task 
Fz 
AR 
PR 
—А*Ц? 
frequent 
rare 
600 ms 
Figure 15 Grand average ERPs for the right hemisphere patients (n=8) to the rare oddball tones (solid 
line) and the frequent standard tones (dotted line) in the oddball paradigm. 
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Comparing the P300 effects in high and low comprehenders with the normal controls 
resulted in a significant interaction between Group of Subjects and Probability for the 
analysis including the data of the low comprehenders (F( 1,14)= 14 93, MSe=16 63, 
p= 002) In contrast, the oddball effect for the high comprehenders did not offer 
significantly from that of the normal controls (F(l,14)=2 12, MSe=12 51, p= 17) 
Right Hemisphere Patients 
Figure 15 shows the oddball effect for the right hemisphere patients These patients 
show a fairly peaked P300 to the oddballs, which is larger at electrode PL than at 
electrode PR The overall effect of 3 25 ц over the centropanetal electrode sites is 
significant (F(l,7)=14 21, MSe=1192, p=007) However, the oddball effect is 
smaller than in the normal controls, as is shown by a significant Group of Subjects by 
Probability interaction in the analysis that compared the data of these patients with the 
normal controls (F(l,15)=12 15, MSe=l 1 32, p= 003) 
Individual subject data 
Figures 16, 17 and 18 present the N400 effects averaged over the four centropanetal 
electrode sites m the associative list and the semantic list, and the P300 effect in the 
tone oddball paradigm for the individual subjects m the group of elderly controls, the 
groups of aphasie patients and the group of non-aphasic patients with a right 
hemisphere lesion, respectively 
All individual control subjects except one, showed N400 effects, but with 
some variation m size between the individual effects for the associative and the 
semantic list The 9 subjects for whom ERPs were recorded m a tone oddball task, all 
showed sizeable P300 effects 
N400 effects were also obtained for the majority of the aphasie patients, but 
again with quite some variation m the individual sizes of the associative and semantic 
N400 effects However, much more striking than the individual variation in the N400 
effects, is the sizeable variation in P300 effects At least three patients (pt 5, pt 9, and 
pt 16) showed what seems like an opposite P300 effect That is, their P300 
amplitudes are larger to the standards than to the oddballs The opposite oddball effect 
did relate to the inability to count the rare tones, which was the case for five patients 
(Patients 5, 8, 9, 14, 16) This opposite P300 effect has also been observed in brain 
damaged patients by other research groups (M Rugg, personal communication, cf 
Knight, Scabini, Woods, & Clayworth, 1989), but is still without an adequate 
explanation It is even unclear whether it should be labeled as a P300 effect, or is 
better characterized as a larger negativity to the rare tones m the absence of a P300 
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Individual Subject Data 
Normal Controls (N=12) 
I | N400 associative 
Щ N400 semantic 
И P300 effect 
1 f o3 rr i rr 
5 6 7 8 
Individual Subjects 
10 12 
Figure 16 Mean amplitude of the N400 effects for the associative list and the semantic list, and mean 
amplitude of the P300 effect in the tone oddball paradigm, for each individual subject in the group of 
normal controls The means were averaged over the four centropanetal electrode sites 
Individual Subject Data 
Aphasie Patients (N=20) 
I | N400 associative 
• N400 semantic 
P300 effect 
β 9 10 11 12 13 14 15 16 17 18 19 20 
Individual Patients 
Figure 17 Mean amplitude of the N400 effects for the associative list and the semantic list, and mean 
amplitude of the P300 effect in the tone oddball paradigm, for each individual aphasie patient The means 
were averaged over the four centropanetal electrode sites Patient numbers are identical to the ones in 
Table 1 
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However, whatever the exact characterization of these abnormal oddball effects, they 
do not seem to have strong predictive value with respect to the N400 effects. Two 
patients with opposite P300 effects do not show a clear N400 effect (pt. 9 and pt 16), 
but the third patient does show a normal pattern of N400 effects (pt. 5). 
The right hemisphere patients also show variation in their N400 effects, but 
for the majority of patients with clear N400 effects, the effects for the associative list 
are consistently larger than the effects for the semantic list. Most right hemisphere 
patients show a P300 effect, but these effects are smaller than the ones for the 
individual control subjects and fall within the range of the individual P300 effects for 
the aphasie patients. 
Individual Subject Data 
Right Hemisphere Patients (N=8) 
I | N400 associative 
В N400 semantic 
Individual Patients 
Figure 18 Mean amplitude of the N400 effects for the associative list and the semantic list, and mean 
amplitude of the P300 effect in the tone oddball paradigm, for each individual non-aphasic patient with 
a right hemisphere lesion The means were averaged over the four centropanetal electrode sites Patient 
numbers are numbered in the order of Table 1 (Table 1 21 through 28) 
DISCUSSION 
The aim of the study in the present Chapter was to further determine the nature of 
lexical-semantic processing impairments in Broca's and Wernicke's aphasies with 
comprehension deficits. This was done by recording ERPs while subjects listened to 
word pairs. The main results are summarized in Figure 19. 
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N400 and P300 effects 
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В High Comprehenders 
Ц Low Comprehenders 
Щ RH patients 
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N400 associative N400 semantic Ρ 300 effect 
Figure 19 Summary of the main results. The mean amplitude of the N400 effects in the associative and 
the semantic list, and the mean amplitude of the P300 effect in the tone oddball paradigm is shown for 
the normal control group, the aphasie patients with a high comprehension score (high comprehenders), 
the aphasie patients with a low comprehension score (low comprehenders), and the right hemisphere 
patients. 
The age matched normal controls showed the expected N400 priming effect in both 
lists: The N400 to related target words was reduced in amplitude relative to the N400 
to unrelated target words. There was no difference in the size of the effect for the 
semantic and the associative list. These data clearly show that reliable N400 effects 
can be obtained without an additional task. Furthermore, these data from elderly 
subjects do not seem to deviate very much from the results of an auditory priming 
study in young subjects of Holcomb and Neville (1990). However, a direct comparison 
of young and elderly subjects in the same study would be required in order to be able 
to evaluate whether ageing influences priming mechanisms. 
Overall, the non aphasie patients with a lesion in the right hemisphere showed 
a normal N400 effect for the associatively related targets. However, in contrast to the 
normal controls, their semantic N400 effect appeared to be reduced relative to the 
effect in the associative list. This might be explained in terms of the distance of the 
semantic relations in the semantic list. The degree of semantic overlap varied between 
the two lists of word pairs. The word pairs in the semantic list were clearly more 
distantly related than the items of the associative list. Not only were the word pairs of 
the associative list based on the immediacy with which their relation could be produced 
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by subjects in an association test, the meaning relations of the associative word pairs 
(eg, dark-light', 'crime-murder') appeared to be also more direct and stronger than 
the relations of the semantic word pairs (e.g., 'bicycle-bus', 'church-villa'). The results 
of two recent visual half field studies suggest a special role of the right hemisphere in 
the processing of semantically more distant relations (Beeman, Friedman, Grafman, 
Perez, Diamond, Lindsay, 1994; Rodel, Cook, Regard, & Landis, 1992). The right 
hemisphere is claimed to facilitate the process of connecting more distantly related 
items (Beeman et al., 1994). However, additional research is required to determine 
whether the dissociation in the N400 effects between the semantic and the associative 
list in right hemisphere patients that was found in the present study can be replicated. 
The N400 results for the aphasie patients were analyzed according to their 
syndrome classification as well as according to the severity of their comprehension 
deficit. Among the aphasie patients, the low comprehenders showed a reduced N400 
effect, both for associativery and for semantically related targets. In contrast, the N400 
effects of the high comprehenders were close to normal. Although overall the 
Wernicke's aphasies showed a larger reduction in the size of the N400 effect than the 
Broca's aphasies, there were no qualitative differences in the pattern of results for 
these two aphasie patient groups. 
Relative to the group of elderly normal controls, all patient groups showed a reduction 
in the amplitude of the N1 and in the size of the P300 effects. However, the reduction 
in neither of these components had any predictive value with respect to the pattern of 
results for the N400 component. The N1 amplitude was reduced in all brain damaged 
patients, even in the ones who showed normal N400 effects (e.g., the high 
comprehenders). Therefore, there does not seem to be an obvious relation between the 
N1 amplitude on the one hand, and the presence, absence or size of the N400 effects 
on the other hand. 
P300 effects were also reduced in all patient groups. But again, no clear 
relation could be detected between P300 effects and N400 effects. For instance, the 
P300 effects were smaller in the low comprehenders than in the RH-patients, whereas 
these same groups of patients did not differ in the size of their semantic N400 effect. 
In addition, the groups of Broca's aphasies and Wernicke's aphasies showed P300 
effects of similar size, whereas the N400 effects were clearly reduced in the Wernicke's 
aphasies compared to the Broca's aphasies. Finally, the computation of a Pearson 
product-moment correlation between the N400 effects collapsed over the two lists, and 
the P300 effects for the 26 patients (including the aphasie patients and the RH 
patients) participating in both the word pair listening and the oddball task, resulted in 
the absence of a significant correlation (p = -.27; ρ = .19). This further substantiates 
the conclusion that the N400 results can not easily be interpreted in terms of a general, 
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aspecific lesion effect, equally affecting different endogenous ERP components 
Together, these results suggest that the pattern of N400 effects can not be 
explained in terms of a non-specific, straightforward consequence of bram lesion on 
the characteristics of ERP componentry Most likely, changes m the pattern of N400 
results are related to the nature of the language processing deficit m the patients 
studied 
Before interpreting the results of the aphasie patients m terms of their language 
comprehension impairment, a few more words should be said about what N400 effects 
as elicited in this experiment most likely reflect 
In the present experiment, the SOA between the auditory primes and targets 
was 1183 ms, with the silent interval between primes and targets varying between 300 
and 840 ms A well established finding in the priming literature (see Neely, 1991) is 
that the mechanism responsible for the observed priming effects depends on the length 
of the SOA With short SOAs, priming effects are assumed to be largely due to 
automatic spreading of activation within a lexical-semantic network (Collins & Loftus, 
1975, Neely, 1977) That is, activation spreads from the semantic node associated with 
the prime to the semantic node associated with the target, thereby reducmg the 
processing time of the target upon its presentation In contrast, pruning observed at 
longer SOAs is largely due to using prunes for generating expectancies about possible 
targets (Becker, 1980,1985, Posner & Snyder, 1975) and/or to a postlexical process, 
which has been referred to as postlexical meaning integration (De Groot, 1985) or 
semantic matchmg (Neely & Keefe, 1989) This latter mechanism searches for 
semantic overlap between prunes and targets after they have been accessed in the 
mental lexicon 
The SOA between primes and targets in this experiment is beyond the realm 
where the activation spreading mechanism reigns (Neely 1977, 1991) Moreover, 
Brown and Hagoort (1993) have shown that the N400 amplitude is not modulated by 
automatic spreading of activation within a lexical-semantic network Recent research 
suggests that in the absence of an overt task such as lexical decision, N400 priming 
effects are largely due to semantic matching (Brown et al, submitted) Together, the 
relatively long SOA between prunes and targets, the absence of a task other than 
listening to word pairs, and the evidence about the processing nature of the N400, 
suggest that the N400 priming effects that were observed in this experiment were 
generated by a semantic matching process In this process, subjects match primes and 
targets for semantic similarity A successful match leads to a reduction of the N400 
amplitude 
The most relevant aspect of the aphasie patient data was the relation between the size 
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of the N400 effects and the seventy of the comprehension deficit in these patients as 
revealed by a standardized aphasia test battery (ι с , the AAT) Patients with clear 
comprehension deficits (e g , the low comprehenders) showed a sizeable reduction of 
the N400 effect, indicating a reduction m their capacity to match words for their 
semantic similarity This reduction was independent of the type of semantic relation 
between the presented word pairs 
In addition, it is worth pointing out that no qualitatively different patterns of 
results were observed m the Broca's and the Wernicke's aphasies The N400 effects 
in the Wernicke's aphasies were more reduced than the N400 effects in the Broca's 
aphasies, but this was equally true for associative and semantic word pairs Moreover, 
to a large extent the reduction in N400 effects m the Wernicke's aphasies can be 
explained as resulting from the relatively high number of low comprehenders in this 
subject group This supports earlier claims based on reaction time pnming studies 
(Hagoort, 1993), arguing that qualitative differences in lexical-semantic processing are 
not observed between Broca's and Wernicke's aphasies, provided that the patients are 
not asked to consciously elaborate on aspects of activated word meanings (Graf & 
Mandler, 1984) In experimental tasks that require subjects to explicitly judge the 
semantic relations between words, Wernicke's aphasies often perform much worse than 
Broca's aphasies (Hagoort, 1993) This difference, however, does not necessarily 
reflect a differential impairment in the on-line, implicit language processing events 
executed by the language system Therefore, on-lme measures such as ERPs, tapping 
language comprehension both implicitly and as it unfolds in real time, provide 
essential information for an adequate characterization of the functional locus of 
language comprehension deficits m aphasie patients The cognitive-functional locus 
of comprehension deficits might be the same in many Broca's and Wernicke's aphasies, 
but the degree of impairment can vary (cf Kolk & Van Grunsven, 1985) 
Finally, the similarity of the results for associatively related word pairs and 
purely semantically related word pairs supports the idea that the aphasie patients in 
this study were able to access the representations in the mental lexicon at the lexical-
semantic level 
In conclusion, the impairments that aphasie patients with clear comprehension deficits 
showed in matching related words for their semantic similarity, suggest that the 
functional locus of language comprehension impairments in these patients is at the 
level of integrating individual word meanings into the overall message representation 
of the whole utterance 
It has been argued that the mechanism underlying semantic matching in a 
word pruning paradigm is not unlike the integration process that occurs in the more 
common processing of sentences or discourse (Brown & Hagoort, 1993, Neely, 1991) 
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In both cases word meaning has to be matched against the semantic specifications of 
the context, which in this study was another word meaning, but usually consists of the 
meaning representation derived from a series of words in the sentence context. 
Following this line of reasoning, and given the results of the present study, I therefore 
predict that low comprehenders will also show an abnormal N400 effect when words 
have to be matched against a whole sentence context instead of a single word context. 
This is what will be investigated in the next Chapter. 
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APPENDIX 
ASSOCIATIVE LIST 
RELATED WORD PAIRS UNRELA TED WORD PAIRS 
prime 
1 aardig 
2 ader 
3 antwoord 
4 bal 
5 ballet 
6 ballon 
7 beven 
8 boek 
9 chef 
lOdame 
11 dag 
12 deksel 
13 dicht 
14 dik 
15 dol 
16 dorp 
17 dier 
18 donder 
19 donker 
20 durf 
21 egel 
22 emotie 
23 faam 
24 geloof 
25 gooien 
26 haai 
27 haastig 
28 herder 
29 humor 
30 jongen 
31 kennis 
32 kil 
33 kip 
34 koorts 
target 
hef 
bloed 
vraag 
rond 
dansen 
lucht 
trillen 
lezen 
baas 
heer 
nacht 
pan 
open 
dun 
gek 
stad 
beest 
bliksem 
hcht 
moed 
stekels 
huilen 
roem 
god 
werpen 
VIS 
vlug 
schaap 
lachen 
meisje 
vriend 
koud 
ei 
ziek 
prime 
accu 
aktie 
antiek 
bewust 
blind 
boom 
cirkel 
dom 
duel 
eisen 
gedicht 
gelei 
gratis 
half 
hertog 
heks 
honger 
hooi 
intens 
kachel 
keer 
kern 
kleven 
klok 
kapper 
koek 
kraken 
lastig 
lijn 
luxe 
mand 
natie 
nevel 
oceaan 
target 
jeugd 
kloof 
zeker 
boter 
bedrijf 
dienen 
nijdig 
tillen 
taal 
tomaat 
knop 
getal 
elftal 
baby 
olie 
deel 
struik 
lapje 
adres 
sport 
kind 
orkest 
molen 
baard 
meer 
traag 
stroom 
koel 
top 
maan 
ets 
lol 
lek 
paar 
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35 kop 
36 kust 
37 kwast 
38 lang 
39 lawaai 
40 leeg 
41 lepel 
42 levend 
43 lijm 
44 links 
45 maaltijd 
46 man 
47 misdaad 
48 naald 
49 nauw 
50 oorlog 
51 oorzaak 
52 papier 
53 raak 
54 zeep 
55 rijmen 
56 nmpel 
57 ntme 
58 rozijn 
59 ruig 
60 schaal 
61 schaar 
62 schep 
63 schrijver 
64 sene 
65 gnjpen 
66 slee 
67 slordig 
68 smelten 
69 spaak 
70 sparen 
71 ster 
72 storm 
73 taart 
74 tabak 
75 tasten 
76 vallei 
77 vlam 
78 vochtig 
schotel 
zee 
verf 
kort 
herrie 
vol 
vork 
dood 
plakken 
rechts 
eten 
vrouw 
moord 
draad 
eng 
vrede 
gevolg 
pen 
mis 
wassen 
dichten 
oud 
muziek 
krent 
stoer 
fruit 
knippen 
zand 
auteur 
reeks 
pakken 
sneeuw 
netjes 
ijs 
wiel 
geld 
hemel 
wind 
lekker 
roken 
voelen 
dal 
vuur 
nat 
oerwoud 
opstel 
oven 
planeet 
pols 
preek 
premier 
pril 
puinhoop 
put 
rot 
rots 
saldo 
schaduw 
sieraad 
ski 
smoel 
spleet 
spoor 
spul 
staf 
stel 
stellig 
stier 
stof 
studie 
suiker 
team 
tenger 
traan 
tube 
uitval 
vak 
vast 
verschil 
villa 
visie 
vorst 
vreten 
vriezen 
wenk 
werf 
woord 
wraak 
ober 
graf 
bestaan 
loket 
plaats 
probleem 
regen 
rus 
wolf 
spot 
vnj 
passen 
plein 
slaan 
letsel 
roepen 
paal 
verbod 
tapijt 
grens 
park 
pers 
zoen 
vers 
veilig 
slok 
uniek 
japon 
weelde 
tellen 
nota 
slang 
steek 
schok 
vallen 
wolk 
perk 
gezicht 
post 
sociaal 
triest 
figuur 
zak 
lip 
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79 vroeg laat 
80 winst verlies 
81 woest kwaad 
82 zomer winter 
83 berouw spijt 
SEMANTIC LIST 
RELA TED WORD PAIRS 
prime 
1 roos 
2 crocus 
3 den 
4 beuk 
5 appelboom 
6 tijger 
7 kat 
8 cola 
9 port 
10 cognac 
11 vader 
12 nicht 
13 boor 
14 zaag 
15 kaarten 
16 scrabble 
17 sla 
18 andijvie 
19 tor 
20 mug 
21 wesp 
22 trui 
23 broek 
24 bloes 
25 das 
26 paars 
27 bruin 
28 geel 
29 been 
30 knie 
31 elleboog 
32 buik 
target 
narcis 
freesia 
eik 
spar 
els 
beer 
paard 
wijn 
thee 
water 
oom 
zus 
beitel 
vijl 
dammen 
kwartet 
worteltjes 
boontjes 
bij 
vlinder 
spin 
jurk 
vest 
sokken 
schoenen 
gnjs 
groen 
rood 
hand 
arm 
teen 
neus 
ziel nt 
zucht basis 
zweel tekst 
wieg weten 
pudding debat 
UNRELATED WORD PAIRS 
prime target 
oma 
cello 
aap 
limonade 
beige 
oranje 
eeuw 
druif 
roze 
fluit 
linde 
schaaf 
luis 
muts 
bloemkool 
kever 
schroeven 
moeder 
kar 
pet 
borst 
ezel 
hobo 
reiger 
peseta 
brommer 
seconde 
lijster 
rat 
mees 
whiskey 
pruim 
anjer 
madelief 
berk 
esdoom 
iep 
geit 
hond 
bier 
koffie 
sherry 
broer 
neef 
hamer 
tang 
schaken 
halma 
kool 
papnka 
vlo 
vlieg 
mier 
hemd 
jas 
hoed 
sjaal 
zwart 
blauw 
wit 
hoofd 
voet 
vinger 
rug 
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33 nek 
34 mond 
35 bed 
36 tafel 
37 dubbeltje 
38 stuiver 
39 gulden 
40 saxofoon 
41 viool 
42 gitaar 
43 kerry 
44 basilicum 
45 schaatsen 
46 tennis 
47 zeilen 
48 judo 
49 minuut 
50 maand 
51 tram 
52 fiets 
53 taxi 
54 papegaai 
55 spreeuw 
56 mus 
57 zwaluw 
58 aardbei 
59 perzik 
60 ananas 
61 bof 
62 tyfus 
63 pistool 
64 geweer 
65 degen 
66 arts 
67 timmerman 
68 chauffeur 
69 staal 
70 goud 
71 museum 
72 flat 
73 telefoon 
74 brief 
75 muur 
76 gang 
enkel 
oren 
buro 
bank 
mark 
dollar 
yen 
piano 
orgel 
trompet 
marjoraan 
zout 
voetbal 
boksen 
hockey 
korfbal 
kwartier 
uur 
auto 
bus 
boot 
ekster 
eend 
uil 
parkiet 
banaan 
appel 
peer 
griep 
mazelen 
mes 
raket 
tank 
junst 
slager 
agent 
koper 
aluminium 
kerk 
school 
radio 
fax 
deur 
kamer 
beha 
stoel 
rok 
aster 
kastanje 
sambal 
billen 
leeuw 
shilling 
peper 
hla 
schouder 
kardinaal 
dressoir 
penny 
kousen 
komkommer 
vliegtuig 
vink 
turnen 
dijen 
lanks 
bndge 
bes 
wodka 
romp 
mol 
volleybal 
kin 
toepen 
telex 
bisschop 
spion 
milrailleur 
blaas 
speer 
garage 
kolonel 
zilver 
dokter 
metselaar 
hal 
tin 
gal 
hals 
ogen 
kast 
kruk 
cent 
kwartje 
lire 
harp 
trommel 
fagot 
knoflook 
kaneel 
zwemmen 
handbal 
roeien 
honkbal 
etmaal 
week 
trein 
motor 
metro 
kievit 
duif 
valk 
meeuw 
citroen 
meloen 
kers 
pokken 
mal ana 
kanon 
dolk 
sabel 
leraar 
bakker 
groenteboer 
ijzer 
platinum 
huis 
schuur 
televisie 
krant 
raam 
zolder 
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77 plafond 
78 korporaal 
79 sergeant 
80 non 
81 rabijn 
82 meren 
83 lever 
trap 
officier 
mariniers 
broeder 
pastoor 
hart 
longen 
onderzoeker 
boer 
dak 
bom 
kantoor 
kozijn 
sateliet 
vloer 
generaal 
matroos 
monnik 
priester 
maag 
darmen 

3 
UNDERSTANDING WORDS IN SENTENCE 
CONTEXTS 
A number of studies have provided evidence indicating that comprehension problems 
in Broca's and Wernicke's aphasies might be caused by deficits in certain aspects of 
real-time language processing. Based on this evidence, it has been suggested that the 
comprehension deficits of Broca's and Wernicke's aphasies are not primarily due to a 
loss of stored linguistic representations, but rather are due to an inability to access 
and/or exploit these representations in real-time (e.g., Baum, 1989; Chenery, Ingram, 
& Murdoch, 1990; Friedend & Kilbom, 1989; Haarmann & Kolk, 1991, 1994; 
Hagoort, 1993; Hagoort, Brown, & Swaab, in press; Linebarger, Schwartz, & Saffran, 
1983; Milberg, Blumstein, & Dworetzky, 1987; Ostrin & Tyler 1993; Swinney, Zurif, 
& Nicol, 1989). 
The exact nature of the processing deficit in aphasie comprehenders is still 
a matter of debate. One possibility that has been entertained is that Broca's aphasies 
in particular might have an impairment in automatically accessing the semantic lexicon 
(e.g., Baum, 1989; Milberg et al., 1987; Milberg, Blumstein, Katz, Gershberg, & 
Brown, 1995; Swinney et al., 1989). However, results from recent on-line studies 
suggest that rather than lexical access, the integration of lexical information into the 
preceding word or sentence context might be impaired in these patients (e.g., Hagoort, 
1990,1993; Hagoort et al., in press; Swaab, Brown, & Hagoort, 1995; Tyler & Ostrin, 
1994; Tyler, Ostrin, Cooke, & Moss, 1995). More specifically, Hagoort (1993) has 
suggested that comprehension problems in Broca's and Wernicke's aphasies result 
from a temporal mismatch between lexical access and lexical integration, caused by 
a delay in the integration of lexical information within the context representation. 
The possibility that a delay in the integration of lexical information underlies 
spoken sentence comprehension problems in Broca's and Wernicke's aphasies was 
further examined in the current study. To clarify the rationale behind this study, we 
first provide an overview of the mechanisms that are involved in normal sentence 
comprehension. Then we describe the use of event-related potentials (ERPs) to 
investigate real-time processing of words in sentence context. Finally, findings on 
comprehension problems in Broca's and Wernicke's aphasies will be summarized. 
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Comprehending spoken sentences 
Most people are able to understand speech effortlessly Nonetheless, spoken language 
comprehension is a very complex process that has to be executed at an amazingly high 
speed The ultimate aim of the listener is to extract the speakers' intention from the 
spoken utterance A crucial step in mapping sound onto meaning is that the listener 
recognizes words on the basis of the information contained in the continuous speech 
stream This process of word recognition serves as an interface between the sensory 
input and the construction of a grammatical and interpretative representation of the 
utterance Spoken word recognition can be broken down mto three basic processes 
lexical access, lexical selection, and lexical integration (Frauenfelder & Tyler, 1987, 
Marslen-Wilson, 1987) In the process of lexical access, an initial stretch of the 
sensory input is mapped onto the representations of lexical form This results in the 
activation of all lexical items that match the input During the process of lexical 
selection, the number of activated lexical representations is narrowed down to the one 
lexical candidate that best matches the sensory input and the context specifications 
Finally, the lexical integration process maps syntactic and semantic information at the 
lexical level onto a higher-order representation of the whole utterance In order to be 
able to understand spoken sentences in a normal way, these basic processes have to be 
executed quickly, but in addition they need to be executed at the right moments m time 
A crucial issue in understanding sentence comprehension concerns the effects 
of sentence context on word processing This issue has been addressed in a number of 
studies both in the visual and auditory modality by measuring monitoring times, lexical 
decision latencies, or ERPs to target words (e g, Fischler & Bloom, 1980, Kutas & 
Hillyard, 1980, Moss & Marslen-Wilson, 1993, Schwanenflugel & Shoben, 1985, 
Stanovich & West, 1983) These studies have revealed that several aspects of the 
sentence context influence the processing of a target word The congruity of the word 
with the sentence context, the strength of the sentential constraints, and the degree to 
which a word is an expected completion of a particular sentence or phrase (cloze 
probability) Congruency, high constraint, and high cloze probability all have a 
positive influence on the processing of a word On the other hand, presenting subjects 
with words that do not fit the semantic specifications of the preceding sentence context 
- semantic anomalies - adversely affects the processing of target words, and interferes 
with the comprehenders' construction of a higher-order representation of the sentence 
It is still a matter of debate how context influences word recognition, the question 
being whether context already exerts its influence at the level of lexical access (e g , 
McClelland & Elman, 1986), or mstead only at the following stages of lexical 
selection (eg , Zwitserlood, 1989), and lexical integration (eg, Marslen-Wilson, 
1987) However, for the purposes of the current study it is sufficient to note that m 
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normal listeners lexical information is integrated within a very short period of time into 
an overall representation of the sentence context The aim of this study is to investigate 
whether aphasie patients with comprehension deficits are capable of the same rapid 
integration of lexical information into sentence contexts 
ERPs to words in sentence context 
In this study, we recorded event-related brain potentials (ERPs) while subjects were 
listening to sentences ERPs reflect the summation of synchronous post-synaptic 
activity of a large population of neurons engaged in information processing (e g, 
Allison, Wood & McCarthy, 1986) ERPs are distinguished from the background 
electrical activity of the brain by making a time-locked average over several stimulus 
events This average will typically include a number of positive and negative voltage 
peaks that appear at specific latencies, and that have particular distributions over the 
scalp 
ERPs have two important characteristics that make them very suitable to study 
language processing deficits in aphasia (cf Hagoort & Kutas, 1995) First, ERPs 
provide a millisecond-level temporal resolution of neural activity underlying language 
processes Thus, they not only allow inferences about the types of linguistic 
information that these patients are (insensitive to, but also about possible changes m 
the time course of the relevant language processing events In addition, ERPs can be 
recorded without imposing additional, potentially interfering task demands on the 
aphasie patients, other than the natural task of listening to speech for understanding 
The most relevant ERP component for this study is the N400, a negative peak 
in the waveform that is larger over centro-postenor than anterior regions of the scalp 
(Kutas & HiUyard, 1983) In young adults, the N400 reaches its maximum amplitude 
between about 380 and 440 ms after stimulus onset However, this may be delayed in 
elderly subjects (eg , Gunter, Jackson, & Mulder, 1992) The N400 is especially 
sensitive to semantic aspects of the linguistic mput This was first reported by Kutas 
& Hillyard (1980) who found that the amplitude of the N400 to visually presented 
sentence-final anomalous words ("He spread the warm bread with socL·") was 
increased when compared to the N400 to sentence-final congruent words ("It was his 
first day at worlT) This difference m the amplitude of the N400 is referred to as the 
N400 effect In contrast to semantic anomalies, physically deviant words (e g , printed 
in boldface type) elicited a positive potential rather than a negativity Other non-
semantic deviations such as musical or grammatical violations also failed to elicit the 
N400 effect (Besson & Macar, 1987, Hagoort, Brown, & Groothusen, 1993, Kutas 
& Hillyard, 1983, Osterhout & Holcomb, 1992) 
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Modulations of the N400 amplitude are not restricted to semantic violations. 
Word expectancy and position of the word in the sentence are other factors that 
modulate the amplitude of the N400 (Van Petten & Kutas, 1990, 1991 ). Furthermore, 
the N400 effect is also obtained when the preceding context is limited to one word 
(e.g., Bentin, McCarthy, & Wood, 1985; Boddy, 1986). N400 effects are not only 
observed with written input, but they can also be observed when presenting subjects 
with naturally produced connected speech (Holcomb & Neville, 1991). 
Recent studies suggest that the N400 effect, that is the difference between 
experimental conditions, primarily reflects postlexical processes that are involved in 
lexical integration (Brown & Hagoort, 1993; Chwilla, Brown, & Hagoort, 1995; 
Holcomb, 1993; Rugg, Furda, & Lorist, 1988). This implies that an N400 effect will 
occur when the lexical integration process is hampered as a result of a mismatch 
between the semantic specifications of a particular word and the semantic 
specifications of its preceding word or sentence context. Since the latency of the N400 
effect can vary (Holcomb & Neville, 1991), it provides, in principle, a sensitive 
measure for investigating whether comprehension problems in Broca's and Wernicke's 
aphasies might be related to changes in the time course of lexical integration. 
Comprehension deficits in aphasia 
A central issue in studies of aphasia is whether comprehension deficits in aphasie 
patients are due to a loss of stored linguistic information, or, alternatively, to a 
disruption of the processes that act upon the linguistic input. Although classically, 
aphasie deficits have been attributed to loss of semantic (e.g., Goodglass & Baker, 
1976; Grober, Perecman, Kellar, & Brown, 1980; Zurif, Caramazza, Myerson, & 
Galvin, 1974) or syntactic knowledge structures (Bemdt & Caramazza, 1980), in 
recent years an increasing number of studies have reported results that are suggestive 
of a processing impairment rather than a loss of knowledge (i.e., a representational 
deficit). Two types of results have been of central importance for this change of 
perspective. 
In their seminal paper, Linebarger et al. (1983) reported that four Broca's 
aphasies who had shown almost no syntactic understanding in a sentence-picture 
matching task, were able to reliably distinguish syntactically well-formed sentences 
from syntactically incorrect sentences in a grammatically judgement task which 
involved a variety of syntactic structures. This result suggests that the nature of the 
task is of direct influence on the performance of the aphasie patients, and moreover, 
that under certain task conditions the Broca's aphasies were able to access and exploit 
structural knowledge. The observed variability in performance on these different tasks 
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supports the idea that agrammatic comprehension results from a processing deficit 
rather than from a representational deficit Other studies have provided additional 
evidence for this idea (e g, Baum, 1989, Blumstein, Milberg, Dworetzky, Rosen, & 
Gershberg, 1991, Fnedenci & Frazier, 1992, Haarmann & Kolk, 1994, Lukatela, 
Crain, & Shankweiler, 1988, Shankweiler, Crain, Gorrell, & Tuller, 1989) 
In another senes of studies, the classical notion of a loss of semantic 
knowledge m Wernicke's aphasies (e g, Goodglass & Baker, 1976, Grober et al, 
1980, Zunf et al, 1974) was challenged In these studies, aphasie patients were 
required to make speeded lexical decisions to target words (e g, Blumstein, Milberg, 
«fe Shrier, 1982, Chenery et al, 1990, Hagoort, 1993, Milberg & Blumstein, 1981, 
Milberg et al, 1987, Ostnn & Tyler, 1993) In a lexical decision task subjects have 
to decide as quickly as possible whether a letter string or a sound sequence is a word 
or not It has been shown that neurologically unimpaired subjects are faster to make 
lexical decisions to words that are preceded by a semantically or associatively related 
context, than to words preceded by an unrelated context (e g, Balota & Chumbley, 
1984, de Groot, 1984, Neely, 1977, 1991) In the priming studies that tested 
Wernicke's aphasies (e g, Blumstein et al, 1982, Friedman, Glosser, & Diamond, 
1988, Hagoort, 1993, Milberg «fe Blumstein, 1981, Milberg et al, 1987), these 
patients consistently showed semantic facilitation Importantly, they showed this effect 
even though earlier research had established that Wernicke's aphasies are severely 
impaired on explicit semantic judgement tasks (eg, Goodglass & Baker, 1976, 
Grober et al, 1980, Zunf et al, 1974) Apparently, the lexical-semantic impairments 
of Wernicke's aphasies are most evident when they are asked to consciously elaborate 
on aspects of activated word meanings (Graf «fe Mandler, 1984, Hagoort, 1993) When 
lexical-semantic processing is assessed more implicitly, as in the pruning studies with 
a lexical decision task, these patients do not show an impairment This suggests that 
lexical-semantic knowledge might be largely preserved, and that these patients have 
a deficit in either accessing or exploiting this information under particular 
circumstances 
In general, the inter-task variations that have been observed for both Broca's and 
Wernicke's aphasies are difficult to reconcile with the idea that all aphasie 
comprehension problems are caused by a loss of linguistic information Instead, it 
seems more likely that the aphasie deficits m some of these patients are related to an 
impairment at the level of the real-time processes that act upon linguistic information 
One of the key questions within a processing impairment account of 
comprehension deficits m aphasie patients, is the level at which this processing 
impairment manifests itself Two proposals have recently been put forward One is 
that the time course and/or activational dynamics of lexical access are affected m 
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certain types of aphasie comprehenders, usually referred to as Broca's aphasies (e g , 
Baum, 1989, Milberg et al, 1987, Milberg et al, 1995, Swinney et al, 1989) An 
alternative proposal suggests that automatic lexical access might be largely intact, but 
that problems anse at the postlexical level of lexical integration (e g, Hagoort, 1990, 
Tyler et al, 1995) 
The claim of unpaired lexical access has been derived from two types of 
studies One is a senes of word pruning experiments, in which Broca's aphasies 
sometimes failed to show the normal effect of shorter lexical decision latencies for 
targets preceded by words that are related m meaning compared to targets preceded by 
unrelated prunes (Milberg & Blumstein, 1981, Milberg et al, 1987) However, the 
support for this claim based on word pruning studies is not decisive, for two reasons 
First, m most of the semantic priming studies, Broca's aphasies did show an effect of 
priming (Blumstein et al, 1982, Hagoort, 1993, Katz, 1988, Milberg et al, 1995, 
Ostrin & Tyler, 1993) Second, in order to be able to make claims about automatic 
access m priming studies, the SOA (Stimulus Onset Asynchrony) between prune and 
target has to be within certain limits There is convincing evidence from priming 
studies in normal subjects that semantic facilitation at long SOAs cannot be attributed 
to automatic lexical activation processes alone, and m fact, should mostly be attributed 
to controlled processes (e g, Balota & Chumbley, 1984, de Groot, 1984, Neely, 1977, 
1991) It has been argued that some of these controlled processes share important 
characteristics with lexical integration m natural language comprehension (Hagoort, 
1990) Importantly, only those studies that used a relatively long SOA failed to 
observe a semantic pruning effect for Broca's aphasies Therefore, the overall picture 
that emerges from the pruning studies m Broca's aphasies seems to be more 
compatible with the idea that these patients have an impairment m lexical integration 
processes, rather than lexical access deficits 
A second type of evidence that has been used to support the impaired access 
account for Broca's aphasies, is the resolution of lexical ambiguity on the basis of 
sentential-semantic context information Swinney et al (1989) found that Broca's 
aphasies, m contrast to normal control subjects and Wernicke's aphasies, were only 
able to select the most frequent meaning of an ambiguous word, even if the preceding 
sentence context biased the alternative, infrequent meaning They concluded from 
these data that Broca's aphasies fail to exhaustively access lexical information 
However, in a senes of studies on the resolution of lexical ambiguities in sentence 
contexts, Hagoort ( 1990) obtained evidence for multiple access m Broca's aphasies 
That is, they accessed both frequent and infrequent meanings of ambiguous words 
Since, in contrast to the Swinney et al (1989) study, in these studies the interval 
between sentence-final ambiguity and target word was vaned, Hagoort (1990) could 
show that whereas the Broca's aphasies were able to access both meanings, they were 
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delayed in using the context information to select the meaning that was the appropriate 
one given the sentence context This suggests a delay m the integration of lexical 
information rather than in accessing this information 
In sum, it seems unlikely that aphasie comprehension deficits result from an 
impairment in automatically accessing lexical information Instead, language 
comprehension deficits m aphasia might result from an impairment m the integration 
of lexical information into a higher order representation of the preceding context, as 
indicated by the results of the Hagoort (1990) study described above As has been 
argued at length by Tyler et al (1995), the bulk of the current evidence claimed to 
support the automatic access hypothesis can be readily interpreted in terms of an 
integration deficit, whereas other results (e g, Hagoort, 1990, Hagoort et al, m press, 
Tyler & Ostruì, 1994, Tyler et al, 1995) are more compatible with an impairment at 
the level of lexical integration This latter possibility is further tested m this study 
The present study 
The present study investigates the possibility of a lexical integration impairment in 
aphasie patients by measuring ERPs Since comprehension deficits occur in all of the 
aphasie patients that we tested, we were especially interested to relate their ERP effects 
to their scores on a comprehension subtest of a standardized aphasia test battery, 
independent of their syndrome classification (Broca's or Wernicke's aphasia) In 
particular, the N400 was used to test whether the severity of the aphasie 
comprehension deficit interacted with the ability to rapidly integrate lexical 
information into the preceding sentence context This was done by presenting subjects 
with sentences that either ended normally, as for example in "The children like to play 
in the garden", or with semantically anomalous words, as for example in "The girl 
dropped the candy on the sky" The task of the subjects was to listen attentively to 
these sentences, with the understanding that sometimes a question about the content 
of the sentence would be asked In accordance with results m the literature (e g, Kutas 
& Hillyard, 1980, Holcomb & Neville, 1991, Gunter, et al, 1992), an N400 congruity 
effect was expected for the neurologically unimpaired subjects This means that the 
amplitude of the N400 to sentence-final congruent words ("garden" in the example) 
will be reduced when compared to the amplitude of the N400 to sentence-final 
anomalous words ("sky" in the example) This results from the fact that the meaning 
of an anomalous word does not match the semantic specifications of the preceding 
sentence context, which makes the integration of this word difficult If comprehension 
deficits in aphasia affect the rate at which lexical information is integrated into the 
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higher order representation of the preceding sentence context, then this will affect the 
word-by-word integration of lexical information (including word meaning) into the 
overall sentence representation. This presumably holds for most words in the sentence, 
including the sentence-final words. Therefore, a delay of the N400 congruity effect is 
expected in these patients. To the extent to which such a delay reduces the efficiency 
of lexical integration, an amplitude reduction of the N400 effect might be expected. 
Finally, it might be the case that the severity of the comprehension deficit interacts 
with the N400 congruity effect, which means that the largest deviation from the normal 
N400 effect is expected for those patients with the most severe comprehension 
deficits. 
In order to be able to reliably ascribe possible changes in amplitude and/or 
latency of the N400 effect to the aphasie language deficit, a number of control 
measures were taken. First, to control for nonspecific effects of both aging and brain 
damage on the N400, a group of normal age-matched controls, and a group of non-
aphasic patients with a lesion in the right hemisphere were tested. Second, in addition 
to the N400 paradigm, the different subject groups were also tested with non-linguistic 
stimuli. For this control study we used the classical auditory oddball paradigm, in 
which subjects were presented with a series of high and low tones. The task of the 
subjects was to count the infrequent (rare) low tones (oddballs), and to ignore the 
frequent high tones (standards). It has been shown that neurologically unimpaired 
subjects have a larger positive waveform to oddballs than to standard tones (the P300 
effect). Comparing the pattern of results of this control study to the pattern of results 
of the language study for the different subject groups, will help to determine the extent 
to which possible changes in the N400 effect in aphasie patients can be dissociated 
from the effects of brain damage on cognitive ERP-components in general. The 
possible changes in the N400 effects can then be reliably related to the specific 
comprehension impairments in these patients. 
METHOD 
Subjects 
Three groups of subjects participated in this experiment: A group of 12 normal elderly 
age-matched controls, a group of 6 control subjects with a lesion in the right 
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hemisphere, and a group of 14 aphasie subjects'. The testing procedures were 
approved by the ethical committee of the Nijmegen Academic Hospital. All healthy 
control subjects and all neurological patients gave informed consent. The elderly 
control subjects and the right hemisphere patients were paid for their participation. All 
subject groups were approximately matched with respect to age and level of education. 
All but one of the elderly control subjects were right-handed according to an abridged 
version of the Oldfield Handedness Inventory (Oldfield, 1971). Only the left-handed 
subject reported familial left handedness. The right hemisphere control patients and 
the aphasie patients were all (premorbidly) right-handed. According to the responses 
on a second questionnaire, none of the elderly control subjects had any known 
neurological impairments or used any neuroleptics. None of the control subjects 
reported hearing loss or memory problems. 
All the patients were tested with the standardized Dutch version of the Aachen 
Aphasia Test (AAT; Graetz, de Bleser, & Willmes, 1992). Time of administration was 
at least six months post-onset. Both the presence and type of aphasia were diagnosed 
on the basis of the AAT-results and on the basis of a transcribed sample of their 
spontaneous speech. All right hemisphere patients were diagnosed as non-aphasic. 
Eleven patients with a left hemisphere were diagnosed as Broca's aphasies, and three 
as Wernicke's aphasies. According to their scores on the comprehension subtest of the 
AAT, 7 of the aphasie patients had a moderate to severe comprehension deficit (LO 
comprehenders), and 7 had a light to very mild comprehension deficit (HI 
comprehenders). In the comprehension subtest of the AAT, patients are required to 
match the linguistic input to one out of four pictures. The linguistic input consists of 
single words and of sentences, both written and spoken. In Table 1 information on age, 
gender, scores on the Token Test, performance on the AAT subtest on comprehension 
(overall scores, sentence comprehension scores, and auditory comprehension scores), 
and lesion volume is summarized for all the neurological patients. The Token Test is 
a valid measure of aphasia, independent of syndrome type (Orgass, 1986). The general 
severity of the aphasia ranged from light to severe. The Token Test results also 
substantiated that none of the right hemisphere patients was aphasie (see Table 1 ). 
The mean age for the normal control subjects was 58.6 years (range 49 - 66), 
the mean age for the right hemisphere patients was 59.5 years (range 50-71), for the 
aphasie patients it was 55.2 years (range 36 - 73); 53.1 years for the HI 
comprehenders (range 36 - 72), and 57.3 for the LO comprehenders (range 38 - 73). 
1
 Many of the subjects that were tested in the experiments of the present Chapter also participated in 
the experiments of Chapter 2, namely six of the normal control subjects, twelve of the aphasie patients, 
and all of the patients with a lesion in the right hemisphere 
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Table 1 Individual patient information for Broca's aphasies, Wernicke's aphasies, and non-aphasic 
patients with a right hemisphere lesion The aphasie patients were clustered on the basis of their 
comprehension scores into High Comprehenders (HI) and Low Comprehenders (LO) 
Patient 
01 Broca Ш 
02 Broca HI 
03 Broca LO 
04 Broca HI 
05 Broca LO 
06 Broca LO 
07 Broca HI 
08 Broca LO 
09 Broca HI 
10 Broca LO 
11 Broca Hl 
12 Wernicke HI 
13 Wernicke LO 
14 Wernicke LO 
15RH-control 
16RH-control 
17RH-control 
18RH-control 
29 RH-control 
20 RH-control 
Age 
40 
36 
62 
62 
38 
69 
72 
43 
53 
73 
65 
44 
51 
65 
71 
58 
50 
56 
66 
56 
Sex 
m 
f 
m 
m 
f 
m 
f 
m 
m 
f 
m 
f 
m 
m 
f 
m 
f 
m 
f 
m 
Token 
Test· 
17 
19 
38 
20 
31 
34 
7 
41 
13 
20 
25 
21 
43 
45 
0 
0 
4 
1 
2 
1 
Overall 
Comp 
Score 
AAT·* 
94/120 
97/120 
67/120 
96/120 
85/120 
65/120 
108/120 
65/120 
98/120 
87/120 
103/120 
99/120 
66/120 
— 
120/120 
118/120 
96/120 
117/120 
103/120 
110/120 
Sent 
Comp 
Score 
AAT 
35/60 
47/60 
27/60 
48/60 
38/30 
28/60 
53/60 
32/60 
55/60 
42/60 
45/60 
47/60 
25/60 
— 
60/60 
58/60 
42/60 
60/60 
55/60 
54/60 
Aud 
Comp 
Score 
AAT 
45/60 
53/60 
39/60 
50/60 
49/60 
37/60 
52/60 
33/60 
49/60 
41/60 
58/60 
48/60 
37/60 
39/60 
60/60 
60/60 
45/60 
57/60 
48/60 
56/60 
Lesion 
Vol *** 
59 60 
75 10 
120 90 
34 60 
112 10 
72 90 
127 10 
219 05 
49 55 
— 
60 35 
64 65 
67 20 
123 65 
— 
41 10 
— 
99 65 
43 45 
43 25 
* Seventy of disorder as indicated by the Token Test no/very mild disorder (0-6), light (7-23), middle (24-
40), severe (>40) 
* · Seventy of comprehension disorder as indicated by the AAT subtest Comprehension (includes word 
and sentence comprehension in both auditory and visual modality) severe (1-66), middle (67-89), light 
(90-106), no/very mild disorder (107-120) 
·* · Lesion volume in cc Lesion volume was calculated by using a CT-reconstruction program (see 
Knight et al, 1988 for detail) 
Ranges of seventy are based on the norms of the Dutch version of the AAT (Graetz et al, 1992) 
Figures 1,2, and 3 give the CT/MRI-lesion data of all the patients for whom adequate 
CT/MRJ information was available This was the case for 7 high comprehenders, 6 
low comprehenders, and 4 right hemisphere patients All lesions were due to a cerebral 
vascular accident (CVA) Lesions evident on CT/MRI scans were transenbed onto 
corresponding CT/MRI templates by an experienced neurologist These templates 
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were then read into a computer program that permitted reconstruction of the lateral 
perspective, determination of lesion volume, and the computation of the group-
averaged lesions (Frey, Woods, Knight, Scabini, & Clayworth, 1987; see Knight, 
Scabini, Woods, & Clayworth, 1988 for detail). In all patient groups, the lesions cover 
a large area of either the left or the right hemisphere, without a clear focus. 
Materials 
The stimuli consisted of a list of 222 auditorily presented Dutch sentences. There were 
120 critical sentences, and these critical stimuli were divided over two conditions. In 
one condition the sentences ended with a word that matched the sentential-semantic 
constraints, the congruent condition, for example: "The children like to play in the 
garden". In the other condition, the sentences ended with a word that violated the 
sentential-semantic constraints, the anomalous condition, for example: "The girl 
dropped the candy on the sky". In addition, 102 filler sentences were constructed, 
which contained a semantic violation at varying positions in the sentence. These 
materials were included to prevent subjects from developing a strategy of predicting 
the position of the anomalous word. Twelve filler sentences were used as startup items. 
The critical sentences were derived from materials that had been submitted to 
two cloze tests. In each test, 24 subjects from the University of Nijmegen who were 
paid for their participation, were asked to fill in the first word that came to mind at the 
position of the omitted sentence-final word after reading the preceding sentence 
context. From these tests a set of 120 sentences was selected with a cloze probability 
higher than 29%. The remaining sentences were used to construct the filler items. 
Sixty of the 120 sentences that were selected from the cloze tests were 
assigned to the anomalous condition. In their original (congruent) form, these 
sentences had a mean cloze probability of 54.6% (range: 29.2% - 100%). The sixty 
sentences that were assigned to the congruent condition had a cloze probability of 
60.3% (range: 29.9% - 100%). So in the original set of sentences, contexts in both 
conditions were equally constraining for the sentence-final word. The sentences had 
a syntactic structure that was relatively simple. The syntactic structure was matched 
between the anomalous and the congruent condition. In the anomalous condition the 
mean sentence length was 7.8 words (range 5-10 words), in the congruent condition 
it was also 7.8 words (range 6 - 10 words). The sentences were either active (114 
sentences), or passive (6 sentences). These constructions were equally divided over the 
two conditions. Most of the sentences consisted of a predicate with two arguments. 
The maximum number of arguments did not exceed three. 
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APHASIC PATIENTS 
(High Comprehenders) 
Figure 1 Lesion extent in the aphasie patients with light to very mild comprehension deficits. Lesions 
determined by available CT-scans from individual patients were transcribed onto 0° to canthomeatal line 
templates. These lesion data were then read into a reconstruction program. The digitized data were 
averaged to generate the group lesion densities. The 11 lines through the lateral reconstruction indicate 
11 axial sections. The scale indicates the percentage of patients having involvement ofthat brain region. 
Lesions were averaged over 7 patients. 
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APHASIC PATIENTS (Low Comprehenders) 
8 
11 
0% 50% 100% 
Figure 2 Lesion extent in aphasie patients with moderate to severe comprehension deficits. Lesions were 
averaged over 6 patients. See Figure 1 for further details. 
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RIGHT HEMISPHERE PATIENTS 
0% 50% 100% 
Figure 3 Lesion extent in right hemisphere patients. Lesions were averaged over 4 patients. See Figure 
1 for further details. 
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In the anomalous condition, the sentence-final words were replaced by words that did 
not fit the semantic constraints of the preceding context. This resulted in 24 pragmatic 
and 36 selectional restriction violations. With the exception of four items, the 
anomalous words did not share any word initial sounds with the original congruent or 
best completions. There was no associative relationship between the sentence-final 
word and any of the preceding words in the sentence in all but three of the sentences 
in the congruent condition. In the anomalous condition the mean lemma frequency of 
the sentence-final words was 25.1 (s.d.: 37.5). In the congruent condition it was 41.8 
(s.d.: 37.4). The frequencies were established on the basis of Dutch frequency norms 
for a corpus of 720.000 words (Uit den Boogaart, 1975). The difference between the 
frequency of the sentence-final words in the anomalous and the congruent conditions 
was of no real significance to the experiment, because the effect of word frequency on 
N400 amplitude disappears for open class words that occur later in the sentence (Van 
Petten & Kutas, 1990). 
All the sentence-final words in both conditions were nouns. The mean 
duration of the sentence-final words in the congruent condition was 489 ms (s.d.: 81 
ms), and in the anomalous condition it was 544 ms (s.d.: 95 ms). All the sentence-final 
words began with a plosive. In this way the last word in the continuous speech flow 
was given a natural physical marker that facilitated the alignment of the ERP 
waveform to the sentence-final word. 
The experimental list was preceded by a practice list of 24 sentences, twelve 
of which contained semantic anomalies. This practice list was used to familiarize the 
subjects with the experimental situation. For the full set of experimental items, see the 
Appendix. 
The experimental sentences, the fillers and the practice sentences were all 
spoken by an experienced female speaker, with normal intonation at a normal speaking 
rate, and were recorded in one recording session. In the anomalous condition no 
specific voice changes marked the sentence-final word as anomalous. Sentences were 
spoken in a sound attenuating booth and recorded on a digital audio tape. The stimuli 
were stored in a VAX 750 computer. A speech waveform editing system was used to 
mark the onset of the sentence-final words. A pulse for triggering the EEG acquisition 
program was placed at 2909 ms before onset of each sentence-final word. This was the 
time of the longest sentence until sentence-final word onset plus a 150 ms pre-sentence 
baseline. The interval of silence (ISI) between sentences was 4.6 sec. One digital audio 
tape was made containing the experimental list preceded by the practice items. 
In order to induce the subjects to listen to the sentences during the experiment, 
a questionnaire was constructed, with five questions about anomalous, and five about 
congruent filler sentences (see Results). 
In addition to the test tape with the sentence stimuli, a digital audio tape was 
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constructed with tones This tape contained 300 tones, 60 tones of 1 kHz and 240 
tones of 2 kHz The tones were presented in a random order with a frequency of one 
per second, and a duration of 20 ms A trigger pulse was placed 150 ms before the 
onset of each tone The 300 experimental tones were preceded by a practice set of 50 
tones (10 tones of 1 kHz, and 40 tones of 2 kHz), to familiarize the subjects with the 
stimuli and the task 
Procedure 
The subjects were tested individually m a dimly illuminated sound-attenuating booth, 
and were seated m a comfortable reclining chair Three patients were tested m their 
wheelchair Subjects were instructed to move as little as possible, and to keep their 
eyes fixated on a point at eye-level 1 5 m in front of them Subjects were told that they 
would hear sentences, some of which had words in them that did not fit the context 
They were asked to listen attentively to the sentences, and they were told that the 
experimenter would sometimes stop the tape to ask them a question about a sentence 
they had just heard No additional tasks were imposed For the tone oddball task, 
subjects were asked to listen to the tones, and silently count the low ones All the 
stimuli were presented via a DAT-recorder (SONY 300ES) The subjects listened to 
the stimuli via a closed-ear Sennheiser HMD-224 headphone The trigger pulse on the 
right channel of the test tapes was inaudible to the subjects 
All the subjects were tested in one session of about two hours The total time 
of stimulation was about 35 minutes, including the practice list (2 mm 26 sec), the 
experimental list (27 mm) and the tones (5 mm) A session started with the practice 
list to familiarize the subjects with the stimulus situation, and to train them to fixate 
their eyes during sentence presentation If necessary, the practice list was repeated for 
the patients Every two to four minutes, a question was asked about the contents of a 
filler sentence, to verify that the subjects were listening to the sentences The answer 
was written down by the experimenter After each question it was again stressed to the 
subjects to listen carefully to the sentences If necessary, a short break was given after 
asking a question All the subjects were given a break after 14 minutes of stimulation 
in the experimental list, and before the tone oddball The practice session of the tone 
oddball was used to establish whether patients were able to silently count the low 
tones Five patients were unable to count For these subjects it was established that 
they could discriminate high versus low tones (by raismg a hand for the low tones 
during practice), and they were instructed to listen attentively, without an additional 
task 
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EEG-recording 
The EEG was recorded from 7 tin electrodes in an electrode cap. Each electrode was 
referred to the left mastoid. Three electrodes were placed according to the International 
10-20 system (Jasper, 1958) over midline sites at Fz, Cz and Pz locations. Four were 
placed laterally over symmetrical anterior and posterior positions. The symmetrical 
anterior electrodes (AL, AR) were located one half of the distance between F7 and T3, 
and F8 and T4 sites. The symmetrical posterior electrodes (PL, PR) were located 30% 
of the interaural distance lateral to a point 13% of the nasion-inion distance posterior 
to Cz. Vertical and horizontal eye movements were monitored via sub- and 
supra-orbital electrodes, and left and right external canthal montages, respectively The 
ground electrode was placed on the forehead, 10% of the nasion-inion distance above 
the nasion. 
The EEG and EOG recordings were amplified by Nihon Kohden AB-601G 
bioelectric amplifiers, using a time constant of 8 seconds and low-pass cut-off of 30 
Hz Impedances were kept below 5 kOhm. The signal was digitized on-line with a 
sample frequency of 200 Hz. The trigger pulse started sampling 150 ms before the 
presentation of a sentence. The total sampling epoch per trial was 5350 ms for the 
sentence stimuli, and 1000 ms for the tones. Data were stored along with condition 
codes for subsequent off-line averaging and data analysis 
RESULTS 
First, the results for the age-matched normal controls, the right hemisphere lesion 
controls (RH-controls), and the aphasie patients were analyzed separately. In addition, 
the data of each patient group were compared with the data of the normal controls in 
ANOVAs with subject group as the additional factor. Aphasie patient data were 
analyzed with the patients grouped on the basis of their scores on the comprehension 
subtest of the AAT (see Method section), regardless of the clinical syndrome (Broca's 
aphasia, Wernicke's aphasia), with 7 subjects in each group2 (see Table 1 for 
information on individual patients). Low comprehenders (LO) had moderate to severe 
comprehension deficits according to their comprehension scores on the comprehension 
2
 No ANOVAs will be reported for the Broca's and the Wernicke's aphasies separately Inspection of 
the individual subject data revealed that the results for the 3 Wernicke's aphasies were not qualitatively 
different from those of the 11 Broca's aphasies in this study, as was further substantiated by the absence 
of a significant Aphasia Syndrome by Congruity interaction (F < 1 ) in an ANOVA with Aphasia 
Syndrome (Broca, Wernicke) as the additional factor Analyses of the data on the basis of the 
comprehension scores of the aphasie patients, independent of type of syndrome is therefore justified 
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subtest of the AAT High comprehenders (HI) had light to very mild comprehension 
deficits, according to their scores on this subtest 
Analysis of N400 effects 
Prior to off-line averagmg, all single-trial waveforms were screened for electrode 
drifting, amplifier blocking, muscle artifacts, eye movements and blinks This was 
done over an epoch of 1750 ms, starting 250 ms before the onset of the sentence-final 
word Trials containing artifacts were rejected However, for subjects with a 
substantial number of blinks, those single trials that were without amplifier blocking 
were corrected with a procedure described by Gratton, Coles, and Donchin ( 1983), and 
included in the relevant ERP averages After artifact rejection, the overall rejection rate 
was 6% for the normal controls, 26% for the high comprehenders, 28% for the low 
comprehenders and 25% for the right hemisphere lesion controls 
Average waveforms were computed for each subject over the anomalous and 
the congruent sentence-final words Statistical analyses were done on the amplitude of 
the N400, using repeated measures analysis of variance (ANOVA), with the within-
subject factors of Congruity of sentence-final words (Congruent, Anomalous), and 
Electrode Site (Fz, Cz, Pz, AL, PL, AR, PR) In addition, the N400 amplitude of each 
patient group was compared to that of the normal controls, with Group of Subjects as 
the additional factor The degrees of freedom for the F-tests were adjusted using the 
procedure described by Greenhouse and Geisser (1959, see Winer, 1971), to 
compensate for lnhomogeneous variances and covanances across treatment levels The 
adjusted degrees of freedom and p-values will be presented 
Separate ANOVAs were done on the mean amplitude of the N400 m three 
time windows The 300-700 ms, the 300-500 ms, and the 500-700 ms epochs after the 
onset of the sentence-final words, relative to a 100 ms baseline preceding the sentence-
final words These epochs were determined after visual inspection of the waveforms, 
and based on prior literature (Hagoort et al, m press, Gunter et al, 1992) The overall 
epoch of 300-700 ms was divided into an early (300-500 ms) and a late (500-700 ms) 
window to help quantify an apparent latency shift of the N400 effect in the low 
comprehenders 
Normal Controls 
Figure 4 shows the average waveforms of the sentence-final words for the elderly 
normal controls As can be seen in this figure, no clear N1 or P2 components show up 
in the ERPs to the sentence-final words These components were attenuated because 
the sentence-final words were embedded in the continuous speech stream, with no clear 
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physical separation between the end of the penultimate and the beginning of the 
sentence-final word.3 The waveforms in the anomalous conditions are characterized 
by a sizeable negative deflection (the N400), followed by a positive going deflection 
over the midline and lateral posterior sites. In the congruent condition, the waveforms 
tend to show a positive deflection. The difference between conditions, the N400 
Congruity effect, shows a centroparietal distribution (see Holcomb & Neville, 1991 
for similar results in continuous speech), and is slightly smaller over the anterior left 
scalp site than over the anterior right scalp site. 
The N400 Congruity effect (-3.09 ц ) was highly significant in the 300-700 
ms epoch after sentence-final word onset (F(l,l 1)=30.89, MSe=12.97, p<0003). Both 
the ANOVAs on the early (300-500 ms: -3.27 ц ) and late (500-700 ms: -2.91 ц ) 
temporal windows yielded similar results (early: F(l,l 1)=31.18, MSe= 14.40, p<0003; 
late: F(l,ll)=22.48, MSe=15.79, p<0007). 
In sum, the normal controls showed the expected N400 effect of congruity. 
The effect had a centroparietal distribution'1, and was slightly larger (-0.36 ц ) in the 
300-500 ms epoch than in the 500-700 ms epoch. 
Right Hemisphere Patients 
Figure 5 presents the average waveforms for the group of RH-controls. Their N400 
effect shows a centroparietal distribution. But, in contrast to the normal controls, the 
effect is slightly smaller over the posterior right scalp site than over the posterior left 
scalp site, and relative to the normal controls, it is reduced at anterior sites. 
The ANOVA in the 300-700 ms epoch yielded a significant N400 effect of 
Congruity (-1.56 ц ) for the right hemisphere patients (F(l,5)=7.78, MSe=6.56, 
p<04). An additional ANOVA comparing the right hemisphere patients with the 
normal controls revealed no significant interaction between Congruity and Group of 
Subjects (F(l,16)=2.99, MSe=10.97, p < l l ) 
3
 This also holds for the patient groups 
^After a Greenhouse Geisser correction (1959), only the normal controls showed a significant 
Congruity by Electrode site interaction for the 300-700 ms epoch (F( 1,11 )=6 32, MSe= 63, p< 05), and 
the 300-500 ms epoch (F(l,ll)=7.11,MSe=.70, p<05), indicating the centroparietal distribution of the 
effect This interaction did not reach significance in any of the patient groups, even though in the right 
hemisphere lesion controls and the high comprehenders there also seemed to be a centroparietal 
distribution of the effect. The absence of a significant interaction in these groups might reflect the reduced 
power of the test due to the smaller group size In the face of these statistical analyses, no strong claims 
will be based on the topographical distribution of the N400-effect in these groups Moreover, given the 
unknown lesion consequences on volume conduction, we will not attach any functional significance to 
distributional differences between patient groups, and only describe the distributional aspects of the 
effects 
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ELDERLY NORMAL CONTROLS (N=12), Sentence-Final Word 
5 μ Υ congruent 
• anomalous 
I 1 1 1 1 1 
0 300 600 900 1200 ms 
Figure 4 Grand average ERFs from the normal controls subjects (n=12) to the anomalous (solid line) 
and congruent (dotted line) sentence-final words 
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RIGHT HEMISPHERE PATIENTS (N=6), Sentence-Final Word 
5μΥ congruent 
anomalous 
I 1 1 1 1 1 
0 300 600 900 1200 ms 
Figure 5 Grand average ERPs from the nght hemisphere patients (n=6) to the anomalous (solid line) and 
congruent (dotted line) sentence-final words 
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In other words, even though a reduction of the N400 effect can be seen for the right 
hemisphere patients relative to the normal controls in Figures 4 and 5, the overall 
pattern of results was statistically not significantly different between these groups 
As in the 300-700 ms epoch analysis, a significant N400 Congruity effect (-
1 76 ц ) was obtained m the analysis over the early (300-500 ms) epoch 
(F(l,5)=9 10, MSe=7 15, p< 03) Comparison with the normal controls showed no 
Congruity by Group of Subjects interaction (F(l,16)=2 63, MSe=12 13, p< 13) In the 
late epoch (500-700 ms), the N400 Congruity effect (-1 36 ц ) for the right 
hemisphere patients was only marginally significant (F(l,5)=4 25, MSe=9 08, p= 09) 
When compared with the normal controls, there was again no Congruity by Group of 
Subjects interaction (F(l,16)=2 46, MSe=13 69, p= 14) 
In sum, non-aphasic patients with a right hemisphere lesion showed a clear 
N400 Congruity effect The size of the effect was reduced relative to the normal 
controls, especially over anterior sites (see Figures 4, 5) However, for none of the 
analysis epochs does this difference become statistically significant Finally, as was 
the case for the normal controls, when comparing the early and late windows the 
difference between conditions was larger (-0 40 ц ) in the 300-500 ms than m the 
500-700 ms window 
High Comprehenders 
Figure 6 presents the average waveforms for the high comprehenders A comparison 
of the morphology of the waveforms for the normal controls and the high 
comprehenders shows that the negative deflection m the anomalous condition is less 
prominent for the high comprehenders than for the normal controls, and that the 
positive deflection m the congruent condition is more prominent for the high 
comprehenders than for the normal controls However, most important, the ERP-
difference between the congruent and the anomalous condition (the Congruity effect) 
is comparable m size and topographical distribution for normal controls and high 
comprehenders (see also Figure 9) 
The ANOVA yielded a significant effect of Congruity (-2 23 ц ) for the 300-
700 ms epoch (F(l,6)=8 44, MSe=14 44, p<03) The ANOVA with Group of 
Subjects as the additional factor did not result in a significant Congruity by Group of 
Subjects interaction (F<1) A significant N400 effect of Congruity (-2 50 ц ) was also 
found in the early epoch (F(l,6)=l 1 40, MSe=13 46, p< 02) In the late epoch, the 
Congruity effect (-1 96 ц ) was marginally significant (F(l,6)=5 43, MSe=17 28, 
p< 06) Importantly, however, no Congruity by Group of Subjects interactions were 
found for either measurement epoch (early F<1, late F<1) 
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APHASIC PATIENTS, HIGH COMPREHENDERS (N=7), 
Sentence-Final Word 
5μΥ congruent anomalous 
4 Ι­
Ο 300 600 900 1200 ms 
Figure 6 Grand average ERPs from the high comprehenders (n=7) to the anomalous (solid line) and 
congruent (dotted line) sentence-final words 
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APHASIC PATIENTS, LOW COMPREHENDERS (N=7), 
Sentence-Final Word 
5 μ ν 
I 1- H 1 
congruent 
anomalous 
0 300 600 900 1200 ms 
Figure 7 Grand average ERPs from the low comprehenders (n=7) to the anomalous (solid line) and 
congruent (dotted line) sentence-final words. 
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In sum, the aphasie patients with mild comprehension deficits were clearly sensitive 
to the congruity of sentence-final words This was evident from their N400 effect that, 
although slightly smaller, was statistically indistinguishable from the normal controls 
Just as for the normal controls, the effect was larger (-0 54 ц ) m the early epoch than 
m the late epoch 
Low Comprehenders 
Figure 7 (see previous page) presents the average waveforms for the low 
comprehenders The overall morphology of the waveforms for the low comprehenders 
is comparable to that of the normal controls A negative deflection to the sentence-final 
words in the anomalous condition, and a positive going deflection m the waveforms 
in the congruent condition at centropanetal sites However, compared to the normal 
controls the effect is reduced, especially at centropanetal sites, and it appears to have 
a later onset (see also Figure 9) 
The ANOVA for the overall 300-700 ms latency window showed a significant 
effect (-1 87 ц ) of Congruity (F(l,6)=14 51, MSe=5 93, p< 009) The effects m the 
early 300-500 ms epoch (-1 46 ц ) and the late 500-700 ms epoch (-2 29 ц ) were 
also significant (early F(l,6)=8 31, MSe=6 24, p<03, late F( 1,6)= 10 40, 
MSe=12 37,p<02) 
When comparing the low comprehenders with the normal controls, no 
significant Congruity by Group of Subjects interactions were found for the overall 
300-700 ms window (F(l,17)=2 18, MSe=10 48, p= 16) and for the late 500-700 ms 
window ( F<1) However, in the early 300-500 ms window this interaction was 
significant (F(l,17)=4 42, MSe=l 1 52, p= 05) This was due to a delay of the N400 
effect in the low comprehenders relative to the normal controls In contrast to the 
normal controls and the other patient groups, the N400 Congruity effect m the low 
comprehenders reached its maximum amplitude in the late measurement epoch, where 
it was -0 83 ц larger than in the early epoch This difference between the low 
comprehenders and the other subject groups is illustrated in Figures 8 and 9 
In Figure 8 the size of the Congruity effects (in mean amplitude) m the early 
and late epochs is shown for the normal controls and the three patient groups As can 
be seen in Figure 8, the low comprehenders clearly showed an merease m the size of 
the N400 Congruity effect in the late window relative to the early window, while all 
the other groups showed a decrease of the N400 effect in the late relative to the early 
wmdow 
Figure 9 presents an overlay of the difference waveforms for the centropanetal 
electrode sites for the four subject groups This figure shows a clear shift in the latency 
of the N400 effect in the low comprehenders, which peaks about 100 ms later in the 
low comprehenders than in the other subject groups For the low comprehenders, the 
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N400 effect reached its average maximum peak averaged over the four centropanetal 
leads at 580 ms, which was substantially later than for the normal controls (483 ms), 
the right hemisphere controls (478 ms), and the high comprehenders (484 ms) 
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Figure 8 Mean amplitude of the N400 effect for all the subject groups in the early (300-500 ms) and late 
(500-700 ms) epochs 
In addition to the separate ANOVAs in the early (300-500 ms) and the late (500-700 
ms) latency windows, we subsequently performed two analyses to further help quantify 
the latency shift of the N400 effect that was observed for the low comprehenders 
First, we did an ANOVA on the N400 effect (anomalous - congruent) including both 
temporal windows, in order to test whether there was a significant interaction between 
Group of Subjects and Latency Window This interaction was not significant when 
comparing the normal controls with either the right hemisphere lesion controls (F<1), 
or with the high comprehenders (F<1) For the comparison between the normal 
controls and the low comprehenders the Group of Subjects by Latency Window 
interaction was in the right direction, but not statistically significant (F(l,17)=2 16, 
MSc=10 30,p=16) 
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DIFFERENCE WAVEFORMS, Sentence-Final Word 
5μΥ 
+ -•- + -1 
I 1 1 1 1 
0 300 600 900 1200 ms 
Normal Controls (N-12) 
High Comprehenders (N=7) 
Low Comprehenders (N-7) 
Right Hemisphere Patients (N=6) 
Figure 9 Grand average difference waveforms (anomalous minus congruent) over centroparietal sites 
for the normal controls (thin solid line), the high comprehenders (dotted line), the low comprehenders 
(dashed line), and the right hemisphere patients (thick solid line). 
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It might be the case that this interaction failed to reach significance because of the 
small power of the between group comparison (only 7 low comprehenders). But 
because we did not find a significant difference here, we also approached the latency 
issue in a different way. Following Holcomb and Neville (1991), we determined the 
onset latencies of the N400 effect by statistical testing in 14 successive 50 ms 
windows (from 0-700 ms after the sentence-final word). This was done for each 
subject group separately. These ANOVAs showed that the earliest significant 
difference was at 200 ms for the normal controls (F(l,l 1)=9.18, MSe=5.50, p<02), 
at 300 ms for the right hemisphere lesion controls (F( 1,5)= 17.21, MSe=3.81, p=009; 
but a marginally significant difference was already found at 250 ms: F(l,5)=5.44, 
MSe=4.04, p=.07), at 250 ms for the high comprehenders (F(l,6)=8.81, MSe=16.66, 
p<.03), but only at 350 ms for the low comprehenders (F(l,6)=6.74, MSe=6.56, 
p<05). The results from these additional analyses point in the same direction as the 
results from the separate ANOVAs in the early and the late latency windows, namely 
that the latency of the N400 effect for the low comprehenders clearly shifted in time 
compared to the normal controls. 
Analysis ofP300 effects 
Artifact rejection and correction procedures were identical to the ones for the N400 
data, except that for the P300 an epoch of 1000 ms was screened for artifacts, starting 
150 ms before the onset of the stimulus. The overall rejection rate was 16% for the 
normal controls, 7% for the high comprehenders, 14% for the low comprehenders, and 
17% for the right hemisphere lesion controls. 
Average waveforms were computed for each subject for the frequent high 
tones (standards) and the rare low tones (oddballs). Repeated measures ANOVAs were 
done for each subject group separately on the mean amplitude of the P300 in the 250 -
500 ms epoch after stimulus onset, relative to a 150 ms pre-stimulus baseline. The 
factors that entered the analyses were: Subjects, Tone Probability (High vs. Low), and 
Electrode Site (Fz, Cz, Pz, AL, PL, AR, PR). Next to the separate group analyses, the 
data for each patient group were compared to the data of the normal controls in 
analyses with Group of Subjects as an additional between-subject factor. 
Normal Controls 
The average waveforms for the group of normal controls are shown in Figure 10. This 
figure shows frontally distributed N1 and P2 components, and a large P300 component 
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in the oddball condition with a characteristic centroparietal distribution5. Statistical 
analysis yielded a highly significant P300 effect of Tone Probability (F(l,l 1)=50.84, 
MSe=17.66,p<.0001). 
Right Hemisphere Patients 
Figure 11 presents the average waveforms for the right hemisphere lesion control 
group. Overall, N1, P2 and P300 components are reduced relative to the normal 
controls, but the N1 and the P2 have retained their frontal distribution, and the P300 
component has a normal centroparietal distribution. In contrast to the normal controls, 
the P300 effect is larger over the posterior left scalp site than over the posterior right 
scalp site. The P300 effect was only marginally significant (F(l,5)=4.29, MSe=29.02, 
p=.09). In order to determine whether the pattern of results for these brain damaged 
patients was comparable to that of the normal controls, a between group analysis was 
done, with Group of Subjects as an additional factor. Although the P300 effect was 
smaller in the right hemisphere patients than in the controls, the Group of Subjects by 
Tone Probability interaction was only marginally significant (F(l,16)=3.16, 
MSe=21.21,p=.09). 
High Comprehenders 
Figure 12 presents the average waveforms for the high comprehenders. The high 
comprehenders also showed clear N1, P2 and P300 components in the waveforms. The 
N1 and the P2 had a normal frontal distribution, and the P300 effect had the typical 
centroparietal distribution. Relative to the normal controls, the size of the components 
was reduced, with the largest reduction at anterior left and posterior left electrode sites. 
The ANOVA yielded a significant P300 effect (F(l,6)=17.24, MSe=24.06, p<.007), 
that was comparable to that of the normal controls (Group of Subjects by Tone 
Probability: F<1). 
Low Comprehenders 
Figure 13 presents the average waveforms for the low comprehenders. As is seen in 
figure 13, N1 and P2 components are clearly reduced, and the P300 component is 
absent in the waveforms for the low comprehenders. No significant P300 effect was 
obtained for these patients (F<1). 
'Afler a Greenhouse-Geisser correction (1959), only the normal controls showed a significant Tone 
Probability by Electrode site interaction (F(l,l 1)=10 74, MSe=l 71, p<.01), indicating that the P300 
effect was larger at centroparietal sites than at anterior sites. None of the patient groups showed this 
interaction. No strong claims will be based on the topographical distribution of the P300 effect in these 
groups 
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ELDERLY NORMAL CONTROLS (N=12), 
Tone Oddball Task 
10 μΥ frequent 
rare 
I 1 1 1 1 — I 1 — I 
0 300 600 ms 
Figure 10 Grand average ERPs from the normal controls subjects (n=12) to the frequent (dotted line) 
and the rare tones (solid line) in the oddball paradigm 
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RIGHT HEMISPHERE PATIENTS (N=6), 
Tone Oddball Task 
10 μν 
PR 
frequent 
rare 
I 1 1 1 1 — I 1 1 
0 300 600 ms 
Figure 11 Grand average ERPs from the nghl hemisphere patients (n=6) to the frequent (dotted line) 
and the rare (solid line) in the oddball paradigm 
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APHASIC PATIENTS, HIGH COMPREHENDERS (N=7), 
Tone Oddball Task 
AL 
PL 
10 μΥ f r e q u e n t 
r a r e 
ι — ι — ι — ι — ι — ι — ι — ι 
0 300 600 ms 
Figure 12 Grand average ERPs from the high comprehenders (n=7) to the frequent (dotted line) and the 
rare tones (solid line) in the oddball paradigm 
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Figure 13 Grand average ERPs from the low coinprehenders (n=7) to the frequent (dotted line) and the 
rare tones (solid line) in the oddball paradigm 
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The results for this group clearly deviated from the normal controls, as was 
substantiated by a significant Group of Subjects by Tone Probability interaction 
(F( 1,17)= 15 65, MSe=29 00, P< 002) 
Thus, the statistical analyses of the P300 data in the patients revealed that 
only the high comprehenders had a significant P300 effect This effect was statistically 
indistinguishable from that of the normal controls even though it was slightly smaller 
m amplitude m these patients (see Figure 10 vs 12) The P300 effect of the right 
hemisphere patients was only marginally significant, and there was a marginally 
significant reduction in the size of the effect in these patients relative to the normal 
controls Finally, the low comprehenders did not show a P300 effect at all This, 
however, was partly due to individual subject differences (see below) 
Individual subject data 
Figures 14 and 15 present the individual subject data 
Individual Subject Data 
Normal Controls (N=12), RH-Controls (N=6) 
о 
> 
о 
im 
и 
i 
4) 
О 
4) 
Normal Controls N400 effect 
Normal Controls P300 effect 
RH Controls N400 effect 
RH Controls P300 effect 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Individual Subjects 
Figure 14 Mean amplitude over electrode Cz of the N400 effect and the P300 effect for each individual 
subject in the two control groups For the right hemisphere patients (RH-controls), subjects 13 - 18 in this 
figure correspond with subjects 15 - 20 in Table 1 
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Individual Subject Data 
High Comprehenders (N=7), Low Comprehenders (N=7) 
10 
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Η High Comprehenders N400 effect 
ΓΊ High Comprehenders P300 effect 
Щ Low Comprehenders N400 effect 
m Low Comprehenders P300 effect 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Individual Subjects 
Figure 15 Mean amplitude over electrode Cz of the N400 effect and the P300 effect for each individual 
aphasie patient In this figure subjects 1 - 7 correspond with subjects 1,2,4,7,9, 11, and 12 in Table 1, 
and subjects 8 - 14 correspond with subjects 3, 5,6, 8,10, 13, and 14 in the same table 
These figures show the mean amplitude over electrode Cz of the N400 effects for the 
sentence-final words in the 300-700 ms epoch, and the mean amplitude of the P300 
effects in the tone oddball paradigm, for the individual subjects in the control groups 
(normal controls, right hemisphere lesion controls) and the aphasie patients, 
respectively. Electrode Cz was chosen because it is a representative site for the N400 
effect. 
As is clear from these figures, there is variation in the size of the N400 effect 
within all of the subject groups. However, eleven of the normal controls and five of the 
right hemisphere lesion controls showed an N400 effect (Figure 14). Thirteen of the 
fourteen aphasie patients also showed an N400 effect (see Figure 15). In one of the 
normal controls, one of the high comprehenders, and one of the right hemisphere lesion 
control subjects the mean amplitude measurement in the 300-700 ms epoch rendered 
a positive value. The one patient among the high comprehenders that showed such a 
positivity (patient 1) had the lowest score for comprehending sentences in this group 
of patients (see Table 1). Overall however, the pattern of results that was observed in 
the averaged data was clearly discernable in most subjects. 
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Eleven normal control subjects, five of the six nght hemisphere lesion controls, and 
ten of the fourteen aphasie patients showed P300 effects, which varied in size One of 
the normal controls, one of the right hemisphere lesion controls and four aphasie 
patients showed more negative waveforms to the rare low tones than to the frequent 
high tones These abnormal oddball effects have been reported elsewhere (Hagoort et 
al, in press), but are without adequate explanation 
Knight, Scabim, Woods, and Clayworth (1989) have found that the temporal 
parietal junction is crucial m generating a normal P300 effect (more positive 
waveforms to rare targets than to frequent standards) However, that cannot fully 
explain the abnormal P300 effect that was found for some of the patients in the present 
study Only two of the four aphasie patients that had an abnormal P300 effect had a 
lesion that included the temporal parietal junction, and there was no adequate CT 
information available on the nght hemisphere patient that had an abnormal P300 
effect Since the oddball experiment only served as a control in the current study, and 
was not designed to answer questions about neural generators of the P300, further 
consideration of these results with respect to the origins of the P300 is beyond the 
scope of the current study 
As in the Hagoort et al (m press) study, the abnormal P300 effect did relate 
to the inability to count Five of the aphasie patients were unable to count (patients 5, 
7, 10, 12, 14 in Figure 15), and three of these patients had an abnormal P300 effect 
(patients 10, 12, 14) The abnormal P300 effects had no predictive value with respect 
to the N400 effects, since all subjects with abnormal P300 effects did have N400 
effects 
To further determine to what extent the size of the P300 effect predicted the 
size of the N400 effect, we computed a correlation for the results averaged over all the 
electrode sites of the normal controls and the 20 patients (collapsed over the patient 
groups) in this study This resulted in the absence of a significant correlation for the 
normal controls (R= 16, p= 62) and for the patients (R= 33, p= 16) 
Figure 16 shows the difference m the amplitude of the N400 effect between 
the early (300-500 ms) and late (500-700 ms) epochs (early - late) over electrode Cz 
for each individual subject m the different subject groups Comparison of the 
individual data in Figure 16 with the group-averaged data in Figure 8 reveals that 
although there is some variation, the pattern of results that was observed in the group 
averages is discernable m most of the individual subjects That is, eight of the twelve 
normal controls, four of the six nght hemisphere lesion controls, and six of the seven 
high comprehenders showed a larger N400 effect in the early relative to the late epoch, 
and four of the seven low comprehenders showed a larger effect m the late relative to 
the early epoch 
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Individual Subject Data: N400 effect Early-Late 
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Figure 16 Individual subject differences in the amplitude of the N400 effect between the early (300-500 
ms) and late (500-700 ms) epoch. Subjects above the zero line have an N400 effect that is larger in the 
late epoch than in the early epoch. Subjects 1 - 6 of the right hemisphere patients (RH-controls) correspond 
with subjects 15-20 in Table 1, for the high comprehenders subjects 1 - 7 correspond with subjects 1,2, 
4, 7, 9, 11, and 12 in this table, and for the low comprehenders subjects 1 - 7 correspond with subjects 
3, 5,6, 8, 10, 13, and 14 in the same table. 
Questionnaire 
The questionnaire was designed to induce the subjects to listen to the sentences. 
Subjects knew that questions would be asked, but not when. In order to be able to 
answer the questions it was therefore important for them to listen attentively to each 
sentence. Furthermore, each time a question was asked, the subjects were again 
motivated to listen carefully to the sentences. For the aphasie subjects, the answers to 
the questions were considered correct even when they contained speech errors 
(phonemic or semantic paraphasias), agrammatic omissions and so forth. Furthermore, 
if these patients repeated part of the sentence, it was also considered a sign that they 
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were listening to the sentences The mean average of the correct responses was 95% 
for the normal controls (range 80-100%), 77% for the right hemisphere lesion controls 
(range 70-100%), 73% for the high comprehenders (range 40-100%), and 63% for the 
low comprehenders (50-100%) The results show that aphasie patients performed 
more poorly than normals and right hemisphere lesion controls This result, however, 
necessarily reflects their aphasie speech impairment as well Overall, the results of this 
questionnaire seem to provide clear evidence that the subjects were attending to the 
sentences 
DISCUSSION 
The aim of the present study was to investigate real-time spoken sentence 
understanding in Broca's and Wernicke's aphasies with comprehension deficits The 
central question was whether these patients were able to integrate lexical information 
into a higher order representation of the preceding sentence context, and in addition 
whether this ability was influenced by the seventy of the comprehension deficit in 
these patients This was assessed by measuring the N400 to sentence-final words that 
were either congruent or anomalous with respect to the preceding sentence context 
The age-matched normal controls showed the expected N400 congruity effect 
The N400 to sentence-final congruent words was reduced when compared to the N400 
to sentence-final anomalous words This result is m agreement with the well-
documented N400 effect in the literature (e g, Kutas & Hillyard, 1980), and replicates 
the finding of Holcomb and Neville (1991), demonstrating that the N400 effect can be 
obtained when presenting subjects with naturally produced connected speech In the 
elderly controls, the N400 effect was maximal in the 300-500 ms window, indicating 
the immediacy of the lexical integration process in normal, neurologically unimpaired 
subjects 
The non-aphasic patients with a lesion in the right hemisphere also showed 
a clear N400 congruity effect The size of the effect was reduced relative to the normal 
controls, especially over anterior scalp sites, but this difference was not statistically 
significant in any of the latency windows These results indicate that relatively normal 
N400 effects can be obtained in brain-damaged patients without aphasia Furthermore, 
although right hemisphere lesioned patients sometimes do show subtle linguistic 
deficits, for example, in processing purely semantic relations (Chiarello, Burgess, 
Richards, & Pollock, 1990, Hagoort et al, m press), insofar as they are able to 
integrate lexical meaning mto the sentence context, the finding that the latency of the 
N400 effect does not differ from that of the normal controls suggests that they do so 
at a normal rate 
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The N400 data for the aphasie patients were analyzed according to the seventy of their 
comprehension deficit This was done for a number of reasons First, Hagoort et al (in 
press) have shown that the seventy of the comprehension deficit determined the size 
of the N400 effect in a word-word priming study In the current study, we therefore 
examined whether the seventy of the comprehension deficit was correlated with 
changes in the amplitude and/or the latency of the N400 congruity effect, or m other 
words, with the ability to integrate lexical information m sentence contexts Second, 
since both Broca's and Wernicke's aphasies m our study showed comprehension 
deficits with varying degrees of seventy on a comprehension subtest of the AAT, an 
analysis in terms of the seventy of the comprehension deficit was deemed appropnate 
The aphasie patients with a mild comprehension deficit showed essentially the 
same pattern of results as their controls That is, neither in size nor m latency did their 
N400 effect offer statistically from that of the elderly controls This shows that 
relatively normal N400 effects can be obtained in brain damaged patients with aphasia 
The aphasie patients with moderate to severe comprehension deficits also 
showed a clear N400 congruity effect However, these patients differed from all other 
groups in the latency of the N400 effect All other groups showed an N400 effect that 
had its maximum amplitude m the 300-500 ms epoch In the low comprehenders, 
however, the effect had its maximum amplitude m the 500-700 ms epoch In these 
patients the N400 congruity effect showed a delay of approximately 100 ms relative 
to the normal controls and the other patient groups (see Figures 8 and 9) Given the 
speed at which language processing normally occurs (e g, we can easily recognize four 
words per second), a delay of this magnitude is quite substantial, and therefore most 
likely indicative of a problem in denving an adequate sentence interpretation from the 
speech input 
Before further interpreting these N400 results, we need to discuss the P300 
results of the control experiment, in order to establish whether comprehension deficits 
produced specific effects on the N400, rather than correlated effects on a number of 
cognitive ERP components, including the P300 The normal controls and the high 
comprehenders showed a significant P300 effect Furthermore, the effect of tone 
probability on the size of the P300 effect was statistically indistinguishable between 
these groups The non-aphasic patients with a lesion in the nght hemisphere showed 
a marginally significant P300 effect that was reduced in size relative to the normal 
controls Finally, the low comprehenders did not show any effect at all In order to 
evaluate whether the P300 results provide any problem for interpreting the N400 
results, we examined whether these effects were strongly associated We found that, 
on the whole, the P300 effects were dissociable from the N400 effects For instance, 
the low comprehenders showed a significant N400 effect in the absence of a P300 
effect The dissociation between P300 and N400 effects is further illustrated m the 
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individual subject data (see Figures 14 and 15) For example, the five patients who 
showed "opposite" P300 effects (ι e, negative polarity effects) still showed proper 
N400 effects, and two patients that showed P300 effects showed "opposite" N400 
effects The absence of a relation was further confirmed by the fact that there was no 
significant correlation between the size of the P300 and N400 effects for the subjects 
in this study 
In sum, evaluation of the P300 and the N400 results supports the following 
conclusions First, the high comprehenders had relatively normal N400 and P300 
effects, and this indicates that bram damage alone does not necessarily lead to 
abnormal cognitive ERP effects, nor does aphasia always lead to a general reduction 
m all cognitive ERP effects Furthermore, the absence of significant correlations 
between P300 and N400 effects mdicates that they are functionally independent m 
bram damaged patients with and without aphasia, and in neurologically unimpaired 
subjects Overall then, the delay of the N400 effect m the low comprehenders most 
likely reflects aspects of their underlying language deficit, and not an aspecific effect 
of their brain damage 
With respect to the central question of this study, it is now important to determine 
what this implies for accounts of comprehension deficits in aphasia In other words, 
what do the changes m the N400 effect of the low comprehenders mean in terms of 
their language comprehension deficit? 
The delay of the N400 effect in the low comprehenders could be explained in 
terms of a deficit m accessing lexical information If the process of lexical access is 
slower than normal m these patients, then the lexical representations would become 
available for lexical integration at a later moment m time This would result m a 
delayed integration of the words throughout the sentence, and hence in a delay of the 
N400 congruity effect However, this interpretation seems unlikely in the light of 
results from other recent studies, showing that aphasie patients with comprehension 
problems do not have a deficit m accessing lexical information (e g, Hagoort, 1993, 
Tyler et al, 1995) In these studies, priming effects were obtained at short pnme-target 
intervals for patients with severe comprehension deficits Such effects can only occur 
if the information in the semantic lexicon was accessed by these patients at a relatively 
normal time course Hence, the data of the current study have to be interpreted m 
different terms Since the N400 effect is known to be especially sensitive to postlexical 
integration processes (Brown & Hagoort, 1993, Chwilla et al, 1995, Holcomb, 1993, 
Rugg, Furda, & Lonst, 1988), the results of the present study suggest that the low 
comprehenders show a relative delay m the integration of lexical meaning into the 
overall representation of the utterance 
If the N400 effect increases when increased processing is required for 
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integration (Brown & Hagoort, 1993), one obvious question is why a delay in lexical 
integration in the low comprehenders resulted in a decreased rather than an increased 
N400 effect relative to the normal controls One might have expected an increased 
N400 effect because low comprehenders seem to have more problems than normals 
in integrating a word into the context However, the reduction m the N400 effect can 
be explained if we consider the effect that delayed integration could have on the 
processing of the sentence-final congruent and anomalous words Suppose that a delay 
in the process of lexical integration yielded an incomplete computation of the overall 
meaning of the utterance for the part of the sentence preceding the final word Under 
such circumstances, the notion of congruent versus anomalous becomes somewhat 
relative Note that both sentence-final congruity and sentence-final anomaly is defined 
in terms of a semantic (mis)match with an adequate representation of the sentence 
context However, if the context representation is degraded compared to the normal 
case, the congruency or anomaly of the final word with respect to the context might 
become less clear This results in less of a difference in the N400 between conditions, 
and hence, in a reduced rather than increased N400 effect 
It is not clear from the present data what underlying mechanism causes the 
delay in lexical integration m the low comprehenders However, a number of authors 
have suggested that comprehension deficits in aphasia might be related to a reduction 
in computational resources and its effects on the time course of language processing 
(e g, Haarmann & Kolk, 1994, Hagoort, 1990) Hagoort (1990) proposed that relative 
to lexical access, lexical integration requires more computational resources During 
lexical access, pre-stored lexical information in the mental lexicon is automatically 
activated This process is assumed to require computational resources to only a very 
limited degree During the process of lexical integration, computational resources are 
required both to integrate the accessed information into a higher order context 
representation, and to maintain this representation in a temporary buffer It is therefore 
reasonable to assume that lexical integration requires more computational resources 
than lexical access, and hence, will be more disrupted by a reduction in computational 
resources than lexical access As a result, lexical integration will be shifted m time 
relative to lexical access, which will lead to problems in sentence comprehension 
In conclusion, the delay in the N400 effect that the patients with moderate to 
severe comprehension deficits showed in this study, suggests that these patients are 
slower than normal in the process of integrating lexical information into the overall 
message representation of a preceding sentence context 
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APPENDIX 
ANOMALOUS SENTENCES 
1 Jenny stopte hel snoepje in haar BLOEM 
2 Er staat een lange nj voor het KONIJN 
3 De kok eet zijn macaroni met een KAARS 
4 Midden in het park staat een BOEK 
5 De toneelspeelster verkleedde zich achter het BLOED 
6 Het gereedschap wordt bewaard in de KAAS 
7 Opa vertelde zijn kleinkinderen een fantastisch BÜRO 
8 De vader gaf zij η j ange dochter een KELDER 
9 Pannen worden verkocht in de garage achter de PATIENT 
10 Jeroen stal verschillende staven goud uit de KIKKER 
11 De familiefoto staat op de TRAAN 
12 De agenten doorzochten op grondige wijze het KLIMAAT 
13 De koningin bezocht de laatste uitvoering van het PUIN 
14 Meestal slaapt de hond in de TOERIST 
15 Anne kraste haar naam in de deur met haar TOMAAT 
16 Met gemak sprong Annette over de brede KLINIEK 
17 De jongen maakte een dreigende beweging met zijn KIP 
18 Minam moest veel betalen voor de reparatie van haar KELNER 
19 Eline lijmde snel de kapotte KNECHT 
20 De jongen vraagt de politie om DRAMA 
21 De wesp viel bij mijn zusje in de DIJK 
22 De baby lag heerlijk te slapen in de DRANK 
23 Als hij in de tuin werkt draagt Sjors BROOD 
24 Het aantal zieke kinderen neemt toe in de BRIEF 
25 De dief kwam het huis binnen via het PUBLIEK 
26 Het was onmogelijk het eiland te bereiken vanwege de DROOM 
27 Het meisje op de schommel roept haar BEKER 
28 De verhuizer zette het schilderij tegen de KEIZER 
29 De dief verstopte zich in de DUIVEL 
30 Met een net ving de man de PLAS 
31 Het meisje borstelt de TABEL 
32 De japanse toneelspeler droeg een bijzonder TERRAS 
33 Er zit een vliegje in mijn DANS 
34 De moeder gaf haar kind de DREMPEL 
35 De matroos heeft pijn in zijn KRAAG 
36 Wij gaan iedere week een keer naar de BOTER 
37 Er wordt een nieuwe brug gemaakt bij de BROMMER 
38 Het warenhuis heeft een afdeling voor de PLANEET 
39 Tegenwoordig drinken de kinderen elke dag KOPER 
Words in Sentence Contexts 
40 Langzaam reed de vrachtwagen door de TEKST 
41 Het kind is erg bang voor het DEEG 
42 Omdat ze te laat kwam kreeg Manan DRUPPELS 
43 De jongen botste hard tegen de PRUIK 
44 De fiets van het meisje staat tegen de BRUID 
45 De leraar gaf het kind een PLEIN 
46 De bruine boterham is belegd met PAKJES 
47 De plastic emmer zit vol met KOORTS 
48 De vrouw loopt graag langs het PROTEST 
49 De gevaarlijke dieren zitten in een PATER 
50 De tentoonstelling werd gehouden m de grote KOGEL 
51 De meeste kampeerspullen liggen op TABAK 
52 De olifant lag te slapen m de PRINS 
53 In bedrukte stemming stonden de mannen rond het POTLOOD 
54 De boeren onderhandelden lang over de prijs van de BUI 
55 Vlug kroop de kleine muis in het TARIEF 
56 Mijn oom schreeuwde hard legen zijn BAARD 
57 De mooie valk zit op het BEDRAG 
58 In het voorjaar broeden hier veel KOEKEN 
59 Wij bereikten de elfde verdieping met de PERZIK 
60 Er werken meer dan 1000 arbeiders in de moderne KOUS 
CONGRUENT SENTENCES 
1 De timmerman kreeg een compliment van zijn BAAS 
2 De oude vrouw krijgt iedere middag BEZOEK 
3 De voorzitter werd ontslagen door het BESTUUR 
4 Het meisje bond de hond vast aan de BOOM 
5 Als het mooi weer is huren we vaak een BOOT 
6 Na de sprong had Jan een gat in zijn BROEK 
7 Op het nachtkastje in de hotelkamer ligt een BIJBEL 
8 De vrouw maakte van de takken een flinke BOS 
9 Het meisje speelt vaak bij de BUREN 
10 De flatbewoner zit bij mooi weer graag op het BALKON 
11 Bij het skièn brak het meisje haar rechter BEEN 
12 De buurman brouwt sinds kort zijn eigen BIER 
13 De koeien worden iedere morgen gemolken door de BOER 
14 Dit eiland is met het vasteland verbonden door een BRUG 
15 Op de hoek van de straat komt een warme BAKKER 
16 De moeder zag het kind spelen met een BAL 
17 De poes sprong zonder problemen op het DAK 
18 De moeder kreeg een lange bnef van haar DOCHTER 
19 De spoorlijn loopt dwars door het DORP 
20 Woedend trapte Hans een gat in de DEUR 
21 De jongen veegde zijn mond af met een DOEK 
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22. De radio werd verpakt in een DOOS 
23 Er meldden zich veel sprekers voor het CONGRES 
24. Ik ga meestal naar dezelfde KAPPER 
25. Geduldig hielp de ober de lastige KLANT 
26. Deze schilder heeft veel gevoel voor KLEUR 
27 Op zijn achtiende ging de vrome jongen m het KLOOSTER 
28 Na aankomst droeg de vrouw de zware KOFFER 
29. De man koopt iedere ochtend een KRANT 
30. De kinderen vormden met zijn allen een KRING 
31. De schrijfster kan slecht tegen KRITIEK 
32. De njke verzamelaar is een groot liefhebber van moderne KUNST 
33 Ik eet meestal in de KEUKEN 
34 Bij Marcel bleef hel snoepje steken in zijn KEEL 
35 De zwerver heeft geen geld voor nieuwe KLEREN 
36 Na lang zoeken vond de student een geschikte KAMER 
37 De miljonair kocht op de veiling een antieke KLOK 
38 Nederlanders drinken s'morgens graag en veel KOFFIE 
39 De schildwacht stond uren bij de poort van het KASTEEL 
40. De zakenman droeg een mooi grijs PAK 
41. De koetsier zorgt goed voor zijn PAARDEN 
42. Je mag niet zwemmen in de vijver van het PARK 
43 De moeder verzorgde de billetjes van de baby met POEDER 
44 In de werkkamer liggen overal stukjes PAPIER 
45 Voor de vakantie bedacht Stef een mooi PLAN 
46 In de vensterbank staat een mooie PLANT 
47 De dominee houdt zondags vaak een lange PREEK 
48 Veel boeren halen het water uit een zelfgeslagen PUT 
49 De gevangenen in Rusland knjgen tegenwoordig een eerlijk PROCES 
50 Ineke heeft een speciale mand voor haar POES 
51 De poes bleef zitten op de bovenste PLANK 
52 De voetballers namen deel aan een groot TOERNOOI 
53. De kinderen spelen graag in de TUIN 
54 Met een flinke zwaai gooide Wilma haar tas op TAFEL 
55 De oude man heeft nog maar één TAND 
56 Tegen het zwartrijden rijden er conducteurs mee op de TRAM 
57 Mijn oma dnnkt s'avonds alleen maar THEE 
58 De roeier verhoogde allengs zijn TEMPO 
59 Per ongeluk trapte Rene op mijn TEEN 
60 De jager stopte zorgvuldig de patronen in de TAS 
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UNDERSTANDING WORDS IN SENTENCE CONTEXTS: 
THE TIME COURSE OF AMBIGUITY RESOLUTION (I) 
In the following two chapters, the time course of lexical integration in normals and 
aphasies is investigated in more detail In these chapters, a senes of experiments is 
discussed in which the resolution of lexical ambiguities was used as a means to study 
lexical selection and integration Lexically ambiguous words like, for example, 'bank ' 
have the same form representation but two (or more) unrelated meanings If a listener 
or reader is confronted with the word 'bank ' in a sentence context, unique selection of 
the appropriate meaning of this word is dependent upon its integration into the context 
Rapid lexical integration is therefore crucial to the resolution of the appropriate 
meaning of ambiguous words in sentence contexts The question of whether 
comprehension problems in Broca's aphasia are related to a delay in lexical integration 
will be investigated in Chapter 5 by examining the time course of ambiguity resolution 
in sentence contexts 
In the present Chapter, I will discuss the results for young neurologically 
unimpaired control subjects This study was done to validate the materials and to 
obtain ERP results that can be compared to the results of other studies on the 
resolution of lexical ambiguities (e g , Conrad, 1974, Duffy, Moms, & Rayner, 1988, 
Glucksberg, Kreuz, & Rho, 1986, Hagoort, 1990, Hagoort & Brown, 1994, Lucas, 
1987, Onifer & Swinney, 1981, Simpson, 1981, Swinney, 1979, Tabossi & Zardon, 
1993, Van Petten and Kutas, 1987) Discussion of the method and results is preceded 
by a review of the literature on lexical ambiguities 
Theories and methods 
While the aim of the present study was to investigate the time course of selecting and 
integrating the contextually appropriate meaning of lexically ambiguous words, most 
studies in the literature have focussed on the question of when in the process of normal 
language understanding context exerts it influence Immediately, at the early level of 
accessing representations in the semantic lexicon, or postlexically, during integration 
of syntactic and semantic information into a higher order message representation The 
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"selective access" or "context dependent" models claim that lexical access can be 
influenced by context, and that as a consequence, only the contextually appropriate 
meaning of the ambiguous word is accessed when biased by the prior sentence context 
(e.g., Glucksberg et al., 1986; Simpson, 1981). These models are compatible with an 
interactive view of language processing (McClelland & Elman 1986). In this view, the 
sensory input and the higher order representation of the linguistic context can interact 
at all stages of lexical processing, and hence context can restrict access to the 
contextually appropriate meaning. 
In contrast, modular theories maintain the view that the initial activation of 
word meanings is not influenced by context, and that either multiple meanings of the 
ambiguous words are accessed (multiple or exhaustive access model: e.g., Conrad, 
1974, Lucas, 1987; Onifer & Swinney, 1981; Swinney, 1979), or that the order of 
access is determined by the relative frequencies of the different meanings of the 
ambiguous words, with the most frequent meaning being retrieved first (ordered access 
model: e.g., Hogaboam & Perfetti, 1975). The difference between these two context 
independent models is that the exhaustive access model maintains that the frequency 
of occurrence of a particular meaning of the ambiguity does not affect access, while 
the ordered access model claims that dominant meanings are accessed first, followed 
by activation of the subordinate meaning. Although different in this respect, both 
models are compatible with an autonomous or modular theory of lexical processing 
(e.g., Forster, 1979). 
Several methods have been applied to investigate ambiguity resolution in sentence 
context, including phoneme monitoring, sentence completion, ambiguity detection, eye 
tracking, lexical decision, and naming. The dependent measures have varied as well, 
but the most commonly used measures have been reaction times (RTs) and eye 
movement measures (fixation time and gaze duration). 
In priming studies that investigate ambiguity resolution in sentence context, 
subjects are usually presented with sentences that contain a lexical ambiguity This 
ambiguity is then followed by a target word that can be: (i) related to the meaning of 
the ambiguity that is biased by the context, (li) related to the alternative meaning of the 
ambiguity, or (iii) unrelated. For example, in a sentence such as "The businessman 
made aphone call to the hank" the targets could be: MONEY, RIVER, and MUSIC 
(but other designs have been used as well, see for example Hagoort, 1990) The 
response to the targets is measured as lexical decision latencies (e.g., Glucksberg et al. 
1987, Simpson, 1981; Hagoort, 1990; Tabossi, 1988; Tabossi, Colombo, & Job, 
1987; Lucas, 1987; Onifer & Swinney, 1981; Swinney, 1979), as naming latencies 
(e.g., Seidenberg, Tanenhaus, Leiman, & Bienowski, 1982; Simpson & Krueger, 
1991), as Stroop interference (e.g., Conrad, 1974; Oden & Spira, 1983, Paul, Kellas, 
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Martin, & Clark, 1992), as fixation times (Sereno, 1995), or as event-related potentials 
(Hagoort & Brown, 1994; Van Petten & Kutas, 1987). Comparisons are usually made 
between the responses to the contextually appropriate targets, that are related to the 
meaning of the ambiguity indicated by the context (MONEY in the example), the 
contextually inappropriate targets that are related to the alternative meaning of the 
ambiguity (RIVER in the example), and "control" targets that are not related to either 
of the meanings (MUSIC in the example). 
The presentation method of the context sentences and the target words is 
variable, but the majority of the studies have used a cross-modal procedure, with the 
sentences presented in the auditory modality, and the targets presented visually. In 
order to evaluate the time course of the activational patterns of the different meanings 
of the ambiguous words, several researchers have varied the SOA or ISI between 
ambiguity and target, from very short (0 ms) to longer intervals (500 ms and longer) 
(e.g., Swinney, 1979; Tanenhaus, Leiman, & Seidenberg, 1979; Simpson & Burgess, 
1985; Simpson & Krueger, 1991), and in one study the target was presented before the 
offset of the ambiguous word (Tabossi & Zardon, 1993). 
Exhaustive access 
Many priming studies have found evidence for multiple access at the shortest ISIs (0 -
200 ms) by showing priming for targets related to both meanings of the ambiguous 
word relative to the unrelated target (Conrad, 1974, Lucas, 1987; Onifer & Swinney, 
1981; Seidenberg et al., 1982; Swinney, 1979). Onifer and Swinney (1981) found 
activation of the contextually inappropriate targets even in sentences that biased for 
the most frequent meaning, indicating that independent of context not only the 
dominant meaning but also the subordinate meaning is accessed. In contrast, at longer 
ISIs (more than 200 ms), most studies show activation only for the appropriate target 
(Onifer & Swinney, 1981; Seidenberg et al., 1982; Swinney, 1979). These results 
suggest that initially all meanings of ambiguous words are activated, regardless of the 
sentential context, following which the context helps to rapidly select the appropriate, 
and suppress the inappropriate meaning. 
Influences of sentence contexts and/от meaning dominance 
There are however a number of findings both from priming studies and from eye 
movement studies that require modification of the conclusion that all meanings of 
ambiguous words are initially activated. It appears that the type of context and the 
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frequency of the meaning of the ambiguity can influence the pattern of activation that 
is found 
Seidenberg et al (1982) showed that lexical access is constrained to the 
contextually appropriate meaning if the sentence context contained a word that was 
strongly associated to one of the meanings of the ambiguity Although this would 
appear to be strong evidence in favor of the selective access view, the authors actually 
argued that this study does not indicate that the higher order representation was 
successful m activating only the context dependent meaning of the ambiguous word 
Instead, they propose that these results reflect word-level priming from a word in the 
sentence context to the biased meaning of the ambiguity and/or the visual target Thus, 
in their opinion, this study does not provide any evidence against the view of an 
autonomous lexical processor, because the effect is supposedly purely intralexical 
Tabossi and colleagues (Tabossi, 1988, Tabossi et al, 1987, Tabossi & 
Zardon, 1993), tried to address the question of the influence of context on lexical 
access in a different way They presented subjects with spoken sentences that pruned 
a salient feature of the dominant meaning of the ambiguous word, and found selective 
activation of that meaning (e g , "a port/harbor is safe", and "the port/wine is red") 
These results were also obtained when the visual target was presented 100 ms before 
the offset of the spoken ambiguous word (Tabossi & Zardon, 1993), which was before 
the uniqueness point (that is the point where the sensory information is sufficient to 
discriminate a word from other words that have the same acoustic phonetic onset) 
Measuring the level of activation before the uniqueness point is important because it 
has been shown that meaning selection can occur before the whole word has been 
heard (Zwitserlood, 1989), and therefore testing the activation level at the offset of a 
spoken word might not be adequate to measure the lexical access process Tabossi and 
Zardon (1993) proposed that these studies indicate that both context and meaning 
dominance can influence the time course of activation of ambiguous words, and that 
in particular circumstances context can constrain lexical access to the dominant 
meaning of the ambiguous word 
The idea that type of context and meaning dominance are important for 
ambiguity resolution is supported by the results of Simpson and Krueger ( 1991 ) In 
their study, subjects read sentences aloud The sentences ended either in an ambiguous 
or in an unambiguous word A target word was presented at 0, 300 or 700 ms after 
pronunciation of the sentence-final word, and subjects had to name the target Target 
presentation was controlled by the experimenter, who pressed a key that initiated the 
presentation of the target If the sentence context was not biasing, they found that the 
dominant target was facilitated at all ISIs The subordinate meaning however, was 
facilitated at only the 300 ms ISI In contrast, when the ambiguity was preceded by a 
context that strongly biased one of its meanings, at all ISIs only the target related to 
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the contextually appropriate meaning was facilitated This seems to indicate that 
context can influence the processing of ambiguous words at very early stages 
However these results have to be interpreted with caution, because of the procedure 
that was used to determine the ISI Since the target presentation was controlled by the 
experimenter, it is not very likely that they were presented at the offset of the sentence-
final ambiguous noun, and therefore activation of the contextually inappropriate 
meaning might well have occurred earlier m time 
In reading studies that used the eye-tracking technique to monitor fixation 
times and gaze duration, Rayner and others (Duffy, Morns, & Rayner, 1988, Dopkins, 
Moms, & Rayner, 1992, Rayner & Frazier, 1989, Rayner, Pacht & Duffy, 1994, 
Sereno, 1995) have found that both the relative frequency of the meaning of the 
ambiguous words, and the type of context can influence gaze duration In this kind of 
paradigm, longer gaze durations are assumed to reflect an increase in processing load 
When the lexical ambiguity was preceded by a neutral context, longer gaze durations 
were found on nonbiased ambiguities (which have meanings that are equal in terms of 
their frequency), than on biased ambiguities (which have one meaning that is much 
more frequent) This difference suggests that both meanings of the nonbiased 
ambiguity are processed, but only the dominant meaning of the biased ambiguities 
These results have been explained in terms of "ordered access" (Duffy et al, 1988), 
or in terms of default integration of the dominant meaning (Rayner, & Frazier, 1989) 
However, Dopkins et al (1992) found that if the lexical ambiguity followed 
a disambiguating context that biased the subordinate meaning, then the gaze duration 
was longer on the biased than on the nonbiased ambiguities The authors interpret this 
subordinate bias effect as evidence for a "reordered access" model This model claims 
that dominant meanings of ambiguities are accessed first, but that activation levels 
might change in favor of the subordinate meaning as a function of the context, m 
which case the subordinate meaning is accessed at the same time as the dominant 
meaning 
Rayner et al (1994) found that the subordinate bias effect that was observed 
in the Dopkins et al (1992) study could not be eliminated by an increase m the 
contextual bias toward the subordinate meaning They manipulated the contextual bias 
either by familiarizing the subjects with the subordinate meaning of lexical ambiguities 
through a paired association task, or by presenting subjects with an extended text that 
biased the subordinate meaning Neither of the manipulations led to a decrease of the 
gaze duration to ambiguous words that were used in contexts that biased the 
subordinate sense These results indicate that the subordinate meaning of ambiguous 
words cannot be accessed selectively in contexts that strongly bias this meaning, and 
that the dominant meaning seems to be accessed under all circumstances (Rayner et 
al, 1994) 
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Other evidence that meaning dominance plays a role in ambiguity resolution comes 
from a study by Sereno (1995) In this study, subjects were presented with pairs of 
sentences Their task was to read the sentences and decide whether they went together 
or not The first sentence of a pair biased either the subordinate or the dominant 
meaning of an ambiguous word In the second sentence, a target region was defined 
During the first 35 ms of the subjects fixation to this target region, an ambiguous 
prime word was presented This prune was then replaced by the target word A 
comparison was made between the fixation times to targets that were related, and 
targets that were unrelated to the ambiguous prime The results only showed shorter 
fixation times to related targets relative to unrelated targets if the context was 
consistent with the dominant meaning of biased ambiguous primes (that had a clear 
dominant (>75%) meaning) 
The importance of both meaning frequency and contextual constraints in 
ambiguity resolution that was suggested by some of the pnmmg studies, and by most 
of the eye movement studies, was formalized in a model by MacDonald, Pearlmutter, 
and Seidenberg (1994) They proposed that certain principles that direct lexical 
processing in general also apply to the resolution of syntactic and semantic 
ambiguities One of the basic principles of their model is that in order to understand 
a word in context (whether it is ambiguous or not), a single alternative has to be 
computed at each of three representational levels the lexical level, the syntactic level, 
and the discourse level MacDonald et al (1994) claim that this selection process can 
be described as a "constraint satisfaction problem" that is governed by lexical factors 
(like for example relative meaning frequency in the case of ambiguous words), and by 
contextual factors Interactions between lexical and contextual factors will determine 
the product of the comprehension process, and contextual factors will play a role when 
the context provides information that helps to distinguish between alternatives 
However, lexical factors like the frequency of the alternatives will limit the effects of 
contextual information In the case of lexical (meaning) ambiguity resolution, this 
indicates that context can influence the interpretation of equibiased ambiguities, but 
it "cannot overcome strong frequency biases to promote a subordinate interpretation 
over the (frequency) dominant alternative" (page 693) 
In sum, these studies indicate that the type of context, and the relative frequency of the 
ambiguous words might be of influence on the pattern of results Multiple access 
modulated by frequency is found when the sentence context is not too constraining If 
the context contains words that are associatively related to one of the meanings of the 
ambiguous word, this meaning is activated or selected more rapidly And finally, if the 
context strongly biases toward the dominant meaning of the lexical ambiguity by 
priming a salient feature of this meaning, then the subordinate meaning might not be 
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accessed at all. In contrast, the dominant meaning seems to be always accessed, even 
in contexts that strongly bias the subordinate meaning. 
Backward priming 
An issue relevant to the interpretation of the evidence in favor of the multiple access 
model is the phenomenon of backward priming. An important assumption that 
underlies the interpretation of the results in the lexical ambiguity studies is that the 
spread of activation is in a forward direction only. For example, if a subject hears or 
reads the prime-word "bank", activation spreads to related words in the semantic 
network, such as "money" and "river". However, Koriat (1981) and Kiger and Glass 
(1983) have demonstrated that the processing of the prime can be influenced by the 
target. These backward priming effects were obtained in different paradigms. Koriat 
(1983) found priming effects when there was no relation of the prime to the target, but 
a unidirectional backward association of the target to the prime (associative backward 
priming). For example, subjects were presented with word pairs like "baby - stork", 
where an associative relation exists between stork and baby, but not between "baby " 
and "stork", and RTs to target words like "stork" were faster than RTs to 
bidirectionally unrelated targets. Kiger and Glass (1983) observed backward priming 
effects when the prime was presented slightly (65 ms) after the presentation of the 
target (temporal backward priming). They proposed that this result indicates that 
within a short period of time, primes and targets are processed together. Both types of 
backward priming possibly compromise the results from priming studies that support 
multiple access, because the observed activation of the contextually inappropriate 
target might result from backward priming effects, and not from initial access to 
multiple meanings of an ambiguous word. 
A study by Glucksberg et al. ( 1986) seems to support the idea that backward 
priming is influencing the activation of contextually inappropriate targets. They 
eliminated the possibility that backward priming would occur by using a nonword 
interference paradigm. In this paradigm ambiguous prime words like for 
example "scale " are followed by pseudoword targets that closely resemble the real 
words that are related to one of the meanings of the ambiguity, for example "fisch", 
or "weign ". In a series of experiments, Glucksberg et al. (1986) established that when 
the pseudoword was the prime, no priming effects were obtained, and that when the 
pseudoword was the target, interference was found for both meanings of the 
ambiguous word. In contrast, when the lexical ambiguity was embedded in the context 
of a sentence, than interference was found only for those pseudoword targets that were 
related to the contextually appropriate meaning. In other words, when backward 
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priming was excluded by presenting pseudoword targets after the sentence contexts, 
it seemed that there was selective activation of the contextually appropriate meaning. 
These results were interpreted as evidence for the idea that studies that claimed to have 
found multiple access had in fact shown backward priming. However, Burgess, 
Tanenhaus, and Seidenberg (1989) have demonstrated that the nonword interference 
task is only sensitive to postlexical integration processes, and not to automatic priming 
effects. Hence the task of Glucksberg et al. (1986) is not suited to evaluate the issue 
of multiple vs. selective access of the different meanings of ambiguities. 
Other support for a backward priming account of multiple access seems to 
come from an ERP-study of Van Petten and Kutas (1987). They asked subjects to read 
sentences that biased the subordinate meaning of the sentence-final ambiguous word. 
The sentences were followed by a visually presented target after a 216 or 700 ms 
SOA. As expected, they found a reduction of the N400 to the contextually appropriate 
targets relative to the unrelated targets in both SOA conditions. The pattern of results 
for the contextually inappropriate targets was less straightforward. In the long SOA 
condition, the N400 to the contextually inappropriate targets was not different from 
the N400 to the unrelated targets. Initially there was also no N400 difference between 
the unrelated and the contextually inappropriate targets in the short SOA condition, 
however after 500 ms the waveforms started to diverge, and the waveform to the 
contextually inappropriate targets became more positive than the waveform to the 
unrelated targets. Van Petten and Kutas argued that this pattern of results could not be 
explained in terms of multiple access, because this would require "simultaneous and 
parallel activation of both senses of the ambiguous word" (Van Petten & Kutas, 1987; 
p. 200), and they had found a 200 ms delay in the effect for the contextually 
inappropriate targets relative to the effect for the contextually appropriate targets. 
Instead they proposed that the late effect for the contextually inappropriate targets 
resulted from temporal backward priming (Kiger & Glass, 1983) 
However, it is unclear whether the failure to find an initial difference in the 
waveforms to the unrelated and the contextually inappropriate targets can be used as 
an argument against multiple access. A number of recent studies have suggested that 
the N400 effect reflects lexical integration processes, and that it is not a sensitive 
indicator of lexical access (Brown & Hagoort, 1993; Holcomb, 1993; Rugg, Furda, 
&Lorist, 1987). 
In sum, in light of all the evidence, it is unlikely that the results that have been obtained 
in favor of multiple access can all be explained in terms of backward priming (for 
further evidence against an explanation in terms of backward priming see Chwilla, 
Brown, & Hagoort, 1995; Peterson & Simpson, 1989, Seidenberg, Waters, Sanders, 
& Langer, 1984). 
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The present study 
In the present study ERPs were used to investigate the time course of contextual 
selection of lexically ambiguous words by young neurologically unimpaired subjects 
The main goal of this study was to validate the sentence materials. However, the 
results of the present study will also be evaluated in the light of current models on 
ambiguity resolution in sentence contexts. 
The major focus of the experiment was on the N400. The N400 was measured 
to target words that followed three types of context sentences after an interval of 
silence (ISI). Both targets and context sentences were presented auditorily. The ISI 
between onset of the target word and offset of the sentence-final word of the context 
sentence was 100 ms in the first version of the experiment, and 1250 ms in the second 
version of the experiment. In the concordant context, the sentences biased the meaning 
of the sentence-final ambiguous word that was related to the target. In the discordant 
context, the alternative meaning of the sentence-final ambiguous word was biased, 
which was unrelated to the target In the unrelated control condition, the sentences 
ended in an unambiguous noun that was unrelated to the target. Half of the concordant 
sentences biased the dominant meaning, and the other half biased the subordinate 
meaning of the sentence-final ambiguous words. 
Given the findings in the literature, several predictions can be made with 
respect to the pattern of results for the ambiguity conditions in the present study. 
Table 1 gives a schematic overview of these predictions. 
SUBORDINATE 
TARGETS 
DOMINANT 
TARGETS 
SHORT ISI (100 ms) 
concordant < unrelated 
concordant < discordant 
discordant = unrelated 
concordant < unrelated 
concordant < discordant 
discordant < unrelated 
LONG ISI (1250 ms) 
concordant < unrelated 
condordant < discordant 
discordant = unrelated 
concordant < unrelated 
condordant < discordant 
discordant = unrelated 
Table 1 Schematic overview of predictions for the amplitude of the N400 to the subordinate and the 
dominant targets in the different context conditions for the short and the long ISI versions of the 
experiment 
Contextual integration at both the short and the long ISI is expected for the 
contextually appropriate meaning, which is dominant in half of the sentences, and 
subordinate in the other half. This will result in a reduced N400 to targets in the 
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concordant context relative to the unrelated and the discordant conditions at both ISIs 
At the short ISI, the subordinate meaning of the ambiguous word will have decayed or 
have been suppressed. If this is the case, then there will be no difference in the 
amplitude of the N400 to the targets in the discordant relative to the unrelated 
condition. In contrast, at this point in time there might still be evidence of activation 
of the dominant meaning when it is contextually inappropriate, and this will result in 
a reduction of the N400 to targets in the discordant relative to the unrelated condition. 
At the long ISI it is likely that the inappropriate meaning for both the subordinate and 
the dominant meanings of the lexical ambiguity has decayed or is completely 
suppressed, and this would result in the absence of an N400 difference between the 
discordant and the unrelated targets. 
The N400 to the targets in the lexical ambiguity conditions were compared to 
a standard N400 effect. This was made possible by adding two control conditions to 
the experiment. In these control conditions, subjects were presented with pairs of 
sentences that contained either high- or low cloze probability words in midsentence 
position The sentences in each pair were identical with the exception of the critical 
noun, for example: high cloze condition: "Jenny puts the candy m her mouth and 
walks to school"; low cloze condition. "Jenny puts the candy m her pocket and 
walks to school". The N400 was measured to the critical nouns in both conditions 
Earlier research has established that the N400 to low cloze words is larger in amplitude 
than the N400 to high cloze words (Kutas, Lindamood, & Hillyard, 1984). In addition, 
Hagoort and Brown (1994) have shown that this effect is also obtained when the 
critical words are in sentence-medial position. The N400 effects in these control 
conditions will provide a standard against which the possible N400 effects to the 
targets in the lexical ambiguity conditions can be compared1. 
METHOD 
Subjects 
A group of 45 college-aged students of the University of Nijmegen participated in this 
experiment, 24 subjects participated in the first version (with the long ISI), and 21 
subjects in the second version (with the short ISI) They were paid for their 
1
 This standard N400 effects could also have been obtained by comparing high vs low cloze words 
in sentence-final position The mid-sentence position of the critical words was chosen because in addition 
to providing a standard N400 effect, this would provide an interesting comparison of the N400 effects for 
the sentence-final anomalous vs congruent words for the patients and the normal controls in Chapter 3 
and the patients and normal control subjects in Chapter 5 
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participation. All subjects were right handed according to an abridged version of the 
Oldfield Handedness Inventory (Oldfield, 1971). 
Materials 
114 noun-noun ambiguities with a dominant and a subordinate meaning were selected 
from three lists of Dutch words with two or more unrelated meanings. The first list 
(Hagoort, 1990) contained 190 ambiguous Dutch words, for which the relative 
meanings of the distinct meanings as well as the first associates had been established 
by testing 70 subjects (mainly from the University of Nijmegen). The same values 
were established for the second list (127 ambiguous words) by testing 42 students of 
the University of Nijmegen, and in the third list (125 ambiguous words) by testing 100 
students2. For each ambiguous noun a set of three context sentences with a relatively 
simple sentence structure was constructed. Two of the three sentences contained an 
ambiguous noun as the sentence-final word. One sentence biased the dominant 
meaning of the ambiguous noun, for example: "The old man made a phone call to the 
¿шя&" and the other sentence biased the subordinate meaning, for example: The tall 
man planted a tree on the bank,\ The third sentence had an unambiguous noun as its 
sentence-final word, for example: "The little boy pulled the cart in the sand". Each set 
of three context sentences had the same constituent structure. The content words in the 
sentences were never associatively related to the sentence-final word or the target 
presented after the sentence. Furthermore, no salient features of the meaning of the 
ambiguity were primed by the sentence context. Thus, for example, if the sentence 
ended in the sentence final ambiguous word "bank", words like "rich" and 
"businessman " that prime salient features of the "money " meaning of this ambiguous 
word were avoided. 
Pretests 
The set of 342 sentences (3 X 114) was submitted to a series of pretests First, these 
sentences were tested in a cloze test. In this cloze tests three groups of subjects were 
presented with the 342 sentences in random order, with the sentence-final word 
omitted. The subjects were instructed to fill in a last word that best fitted the context 
of the preceding sentence. The cloze test was performed to test the predictability of the 
sentence-final ambiguous nouns, and the sentence-final unambiguous nouns as a 
function of the sentence context. This predictability should not be too high to avoid 
pre-selection of the contextually appropriate meaning of the ambiguous noun by 
2
 The second list was made by R Coolen and the third list by J. van Berkum as part of their thesis 
research at the Max Planck Institute for Psycholinguistics in Nijmegen 
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guessing the sentence-final word Selection of the context sentences was therefore done 
according to two criteria. In the selected sentences, the maximum cloze probability for 
the sentence-final noun did not exceed 45%, and the mean cloze probability was 
matched between conditions. 
Three cloze tests were done. In all the cloze tests subjects were university 
students from the MPI-pool. In the first version 29 students participated. After this test 
problematic items were revised. The revised sentences were tested in a second cloze 
test on 20 subjects. The remaining problematic items were again revised and tested on 
15 subjects The cloze procedure led to the rejection of two problematic triplets, 112 
remained. None of the subjects that participated in the cloze tests were tested in the 
ERP experiments All subjects were paid for their participation. 
Following this cloze procedure, an association test was performed to establish 
whether the sentence context was successful in biasing the intended reading of the 
sentence-final ambiguous noun. For the sentences ending in an unambiguous noun, this 
test should confirm that the context was a proper control, in that the target word was 
never given as a response. In this test the complete context sentences were presented 
to the subjects. Subjects were required to read the sentence and to write down the first 
word that came to mind upon reading the sentence-final word. The two sentences 
ending in the same ambiguous word were assigned to two different versions of the 
association test The 112 unrelated sentences were divided over the two versions In 
this way none of the subjects saw a sentence-final word more than once Each version 
of the association test was given to 20 new subjects of the MPI-pool, that had not 
participated in the cloze tests, and would not participate in the ERP experiment. The 
subjects were paid for their participation. 
In the association test the sentences that ended with an ambiguous noun were 
tested on the following criteria: At least 60% of the answers in the association test 
should be in the direction of the biasing context, and at most 25% of the answers 
should be related to the unintended reading of the ambiguous noun. For the sentences 
that ended in an unambiguous noun at least 70% of the answers should be related to 
the meaning of this sentence-final noun This test led to the rejection of another twelve 
problematic items, so that 100 triplets remained. 
Selected materials 
Targets words3 were selected from the three lists that were described at the beginning 
of this materials section. For 50 of the 100 ambiguous words, the highest associate of 
3
 Even though subjects did not have to respond to the words that followed the sentences in the three 
context conditions, these words will be called targets in this study This is done in order to be consistent 
with the nomenclature that is used in the literature 
Ambiguous Wolds m Sentence Contexts I 127 
the dominant meaning was chosen as a target If this target was mentioned more than 
once in the cloze test, it was replaced by the second highest associate, in order to 
prevent that the target word would be activated before it was actually presented This 
occurred three times Another twelve targets were replaced by the second highest 
associate, because the intended target was already used as a target for another item 
These target words were combined with the sentence triplets to form the dominant 
condition The dominant meanings of the ambiguous nouns in this set of items had an 
average frequency of occurrence of 85% (range 60 - 99) 
For the remaining 50 ambiguities, the highest associate of the subordinate 
reading was chosen as a target Here three targets were replaced with the second 
highest associate, because the highest associate was mentioned more than once in the 
cloze test In this condition another six targets were replaced with the second highest 
associate because the highest associate was already used as a target for another item 
The average frequency of occurrence for the subordinate meaning of these 50 words 
was 19% (range 2 - 40) The minimum difference between the frequency of occurrence 
of the dominant and the subordinate readings of the ambiguous words was 20% 
Both the sentences that preceded the target words that were related to the 
dominant meaning, and the sentences that preceded the target words that were related 
to the subordinate meaning had a mean length of 8 6 words (range 6-13 words) 
Crossing the target words with the sentences resulted in three context 
conditions The concordant context biased the target-related meaning of the ambiguity 
The discordant context biased the alternative meaning of the ambiguity Finally, in the 
unrelated context condition, the sentence-final word and the target were in no way 
related Examples of the sentence target combinations are presented in Table 2 For 
the set of dominant items ι e , those items for which the target was related to the 
dominant meaning of the sentence-final ambiguous word, the concordant context 
biased the dominant-, and the discordant context biased the subordinate meaning of 
the ambiguous noun For the set of subordinate items, those where the target was 
related to the subordinate meaning of the sentence-final ambiguous word, the 
concordant context biased the subordinate-, and the discordant context biased the 
dominant meaning of the ambiguous noun 
The results from the cloze tests revealed that the mean cloze probability for 
the sentence-final nouns was less than 7% (range 0-34) None of the target words were 
mentioned more than once in these tests 
The strength of the contextual bias for the selected sentences was computed 
from the results of the association tests For the dominant items, on average 90% of 
the responses to the concordant context sentences was related to the intended, 
dominant meaning, and 3% to the unintended, subordinate meaning For the discordant 
context sentences in this condition, a mean of 83% was related to the intended, 
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subordinate meaning, and 8% to the unintended dominant meaning. For the 
subordinate items the contextual bias was as follows: in the concordant condition on 
average 90% of the responses in the association test was related to the intended, 
subordinate meaning, and 3% to the unintended, dominant meaning. In the discordant 
context 85% of the responses was related to the intended, dominant meaning, and 7% 
to the unintended subordinate meaning. These results indicate that the context 
sentences were successful in biasing the intended meaning of the ambiguous sentence-
final nouns. Moreover, the bias was comparable in strength for the different 
conditions. Finally, the target word was never given as a response in the unrelated 
control sentences. 
Context Condition Sentence 
Concordant 
Discordant: 
Unrelated: 
Concordant 
Discordant: 
Unrelated: 
Target Type: Dominant 
: Mijn vriendin overlegt met haar ADVOCAAT 
(My friend meets with her LAWYER 
Mijn moeder lepelt van haar ADVOCAAT 
(My mother eats [of] her EGGNOG 
De jongen ruziet over zijn SALARIS 
(The boy argues about his SALARY 
Target Type: Subordinate 
: De chirurg verwijdert kundig de pijnlijke AMANDELEN 
(The surgeon removes skillfully the painful TONSILS 
De jongen pikt snel de grootste AMANDELEN 
(The boy takes quickly the biggest ALMONDS 
De krant publiceert vandaag deze knappe SPOTPRENTEN 
(The newspaper publishes today these good CARTOONS 
Target Word 
RECHTER 
JUDGE) 
RECHTER 
JUDGE) 
RECHTER 
JUDGE) 
KEEL 
THROAT) 
KEEL 
THROAT) 
KEEL 
THROAT) 
Table 2 Examples of sentences in the six context conditions The sentence-final words and the targets 
are in capitals 
Control sentences 
In addition to the 100 sentence triplets, 120 control sentences were constructed Sixty 
were sentences containing a high-cloze probability word, and 60 were sentences 
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containing a low-cloze probability word in mid-sentence position. These sentences 
were included to elicit a standard N400 effect, which could be compared to the ERP 
effects to the targets in the experimental sentences that were described in the previous 
section. The control sentences were constructed in pairs. The sentences in each pair 
were identical with the exception of the critical noun in mid-sentence position. This 
noun was highly predictable in one condition (high-cloze condition), and less expected 
in the other condition (low-cloze condition). The mean cloze probability for the high 
cloze nouns was 58%, and for the low cloze nouns it was 7%. In both conditions the 
sentences ended in an unambiguous word and were followed by an unrelated target. 
The same target was used in each high-low cloze pair. None of these targets occurred 
as a sentence-final word or a target in the experimental triplets described earlier. An 
example of the sentences in the high- and low cloze conditions is given in the following 
(the critical noun is in bold): 
High Cloze: 
"De kinderen drinken elke dag melk bij het ontbijt museum" 
[The children drink each day milk at breakfast museum] 
Low Cloze: 
"De kinderen drinken elke dag limonade bij het ontbijt museum" 
[The children drink each day lemonade at breakfast museum] 
In the combined set of experimental triplets and control sentences, less than half of the 
sentence-final words was related to the target, which made the development of 
strategies to predict a relation between sentence-final word and target unlikely4. 
An additional 12 startup items were constructed, half of them followed by a 
related target, and the other half followed by an unrelated target. 
The 432 stimulus sentences (3 χ 100 test, 120 control, 12 starters) were 
divided into three experimental blocks. Every block began with 4 starters. All the 
sentences were distributed over the blocks, so that none of the target words occurred 
more than once per block. The distribution of the items over the three blocks is shown 
in Table 3The distribution of items within each block was randomized. The order of 
the blocks was counterbalanced, resulting in three presentation versions. 
Finally, 19 practice sentences were constructed, half of them with a related 
target, and half of them with an unrelated target. For the full set of the experimental 
and the control sentences see the Appendix. 
4
 Furthermore, given the fact that subjects had no task that urged them to generate a fast response, it 
is unlikely that they developed a response-related strategy 
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CONDITIONS 
Dominant Concordant 
Dominant Discordant 
Dominant Unrelated 
Subordinate Concordant 
Subordinate Discordant 
Subordinate Unrelated 
High Cloze 
Low Cloze 
Block 1 
17 
16 
17 
17 
17 
16 
20 
20 
Block 2 
17 
17 
16 
16 
17 
17 
20 
20 
Block 3 
16 
17 
17 
17 
16 
17 
20 
20 
Table 3 Number of stimuli in each context condition in the three presentation versions 
All materials were spoken at normal rate and with normal intonation by an experienced 
female speaker in a sound-attenuating booth The sentences and the targets were 
recorded on a digital audio tape and stored on a harddisk A speech waveform editing 
system was used to add targets to their respective sentences Identical targets were 
represented by the same physical token The same materials were used in the two 1SI 
versions of the experiment In version one the ISI was 100 ms, in version two it was 
1250 ms A trigger pulse was placed either 6728 ms (in the ISI=1250 ms version) or 
5428 ms (in the ISI=100 ms version) before onset of the targets This duration was 
determined by adding up the length of the longest sentence, the ISI, and 150 msec pre-
stimulus baseline The interval of silence between offset of the target and onset of the 
next sentence was 6415 ms in both versions of the experiment 
Seven digital audio tapes were constructed Three tapes contained the 
experimental blocks in the ISI=100 version, and three tapes contained the experimental 
blocks in the ISI=1250 ms version Two tapes contained the practice items, one for the 
short ISI version and one for the long ISI version 
A questionnaire was prepared with 15 questions about the sentence content 
of 15 sentences, 5 questions for each block This was done to be able to monitor the 
subjects attention during the experiment 
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Procedure 
The subjects were tested individually in a dimly illuminated sound-attenuating booth, 
seated in a comfortable reclining chair They were instructed to move as little as 
possible, and to keep their eyes fixated on a point at eye-level 15mm front of them 
The subjects were told that they would hear sentences followed by a word They were 
asked to listen attentively to the materials, and they were told that the experimenter 
would sometimes stop the tape to ask them a question about a sentence they had just 
heard No additional tasks were imposed 
All the stimuli were presented via a DAT-recorder (SONY 300ES) The 
subjects listened to the stimuli via a closed-ear Sennheiser HMD-224 headphone The 
trigger pulse on the right channel of the test tapes was inaudible to the subjects 
For both ISI versions of the experiment, subjects were tested in one session 
of about four hours In the ISI=100 version, the duration of the stimulus presentation 
was 82 mm including the practice list (3 mm), and the three experimental blocks (each 
24 5 min) The total duration of the stimulus presentation in the ISI=1250 version was 
about 91 minutes, including the practice list (3 mm), and the three experimental blocks 
(each 27 min) A session started with the practice list to familiarize the subjects with 
the stimulus situation, and to tram them to fixate their eyes during sentence 
presentation Every four to six minutes, a question was asked about both the sentence 
contents of a control sentence, and about the target word that followed this sentence 
This was done to establish whether the subjects were paymg attention to the sentences 
and the target words The answer was written down by the experimenter If necessary, 
a short break was given after asking a question All the subjects were given a break of 
about 10 min after each experimental block 
Subjects were assigned to one of the three presentation versions (see Table 3) 
so that in the short ISI version of the experiment seven of the 21 subjects first heard 
the stimuli in block 1, then in 2 and then in 3, seven were assigned to the second 
presentation version and they first heard block 2, then 3 and then 1, and seven were 
assigned to the third presentation version block, and these subjects first heard block 
3, then 1, and then 2 In the long ISI version, 8 subjects were tested m each 
presentation version Targets and ambiguous words were never repeated within a 
block 
EEG-recording 
The EEG was recorded from 7 tin electrodes in an electrode cap, each referred to the 
left mastoid Three electrodes were placed according to the International 10-20 system 
(Jasper, 1958) over midline sites at Fz, Cz and Pz locations Four electrodes were 
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placed laterally over symmetrical anterior and postenor positions The symmetrical 
anterior electrodes (AL, AR) were located one half of the distance between F7 and T3, 
and F8 and T4 sites The symmetrical posterior electrodes (PL, PR) were located 30% 
of the interaural distance lateral to a point 13% of the nasion-inion distance posterior 
to Cz Vertical and horizontal eye movements were monitored via sub- and 
supra-orbital electrodes, and left and right external canthus montages, respectively 
The ground electrode was placed on the forehead, 10% from the nasion-inion distance 
above the nasion 
The EEG and EOG recordings were amplified by Nihon Kohden AB-601G 
bioelectric amplifiers A Hi-cut filter of 30 Hz was used, and a time constant of 8 
seconds The impedances were kept below 5 K-ohm The signal was digitized on-line 
with a sampling frequency of 200 Hz The trigger pulse started sampling 150 ms 
before the presentation of a sentence The total sampling epoch per trial was 8400 ms 
for the stimuli in the ISI=1250 ms version and 7400 in the ISI=100 ms version Data 
were stored on a hard disk along with condition codes for off-line averaging and data 
analysis 
RESULTS 
Prior to off-line averaging, all single trial waveforms were screened for electrode 
drifting, amplifier blocking, muscle artifacts, eye movements and blinks This was 
done over an epoch of 2000 ms, starting 150 ms before the onset of the relevant 
words m the experimental sentences (the target words in the different context 
conditions), and the control sentences (the high and low cloze words in midsentence 
position) Trials containing such artifacts were rejected However, for subjects with a 
substantial number of blinks, those trials that were without amplifier blocking were 
corrected with a procedure described by Gratton, Coles, and Donchin (1983), and 
included in the relevant ERP averages The overall rejection rate was 27% in the 
control conditions, 23% in the ISI=100 version of the experiment, and 25% in the 
ISI=1250 version of the experiment 
Repeated measures analysis of variance (ANOVA) were done in the relevant 
latency ranges on the mean amplitude of the N400 to the high and low cloze words, 
and on the mean amplitude of the N400 to the targets in the six context conditions 
The N400 effects showed a clear postenor distnbution in both the linguistic control 
conditions and in the lexical ambiguity conditions The ANOVAs were therefore done 
on the values of the centropanetal electrode sites only To compensate for 
inhomogeneous vanances and covan anees across treatment levels, the degrees of 
freedom for the F-tests were adjusted using the procedure desenbed by Greenhouse 
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and Geisser (1959) The adjusted degrees of freedom and p-values will be presented 
ERPs to high and low cloze words in mid-sentence position 
Figure 1 shows the averaged waveforms to the words in the high and the low cloze 
conditions As can be seen in this figure, the waveforms to the words in the low cloze 
condition are more negative than in the high cloze condition The waveforms already 
start to diverge at the onset of the stimuli, which is earlier than in previous work with 
connected speech (Holcomb & Neville, 1991) The effect was somewhat larger over 
centropanetal sites The N1 and P2 components are not visible in the waveforms, but 
this is not surprising given the fact that the words were embedded in the continuous 
speech stream with no clear physical separation between the words 
Average waveforms were computed for each subject over the high cloze and 
low cloze words in mid-sentence position Repeated measures analyses of variance 
(ANOVAs) were done on the mean amplitude of the N400 to these words m both 
conditions in the 0-300 ms latency window, normalized to a 150 ms baseline5 This 
latency window was determined after visual inspection of the waveforms The within-
subject factors were Cloze Probability (High vs Low), and Electrode Site (Cz, Pz, PL, 
PR) The mean amplitude of the N400 to the high cloze words (-0 67 ц ) was 
significantly reduced relative to the low cloze words (0 31 ц ) (F(l,23)=6 85, 
MSe=6 77, p< 02) 
Overall analyses of ERPs to target words 
Average waveforms were computed by subject over the targets m the six conditions 
First, overall repeated measures analyses of variance (ANOVAs) were done on the 
mean amplitude of the N400 in the 350-600 ms epoch after target onset, relative to a 
100 ms pre-target baseline This epoch was determined after visual inspection of the 
waveforms The ANOVAs had the following within-subject factors Target Type 
(related to the frequent (dominant) meaning, or the infrequent (subordinate) meaning 
of the ambiguous word), Congruency (concordant, discordant, or unrelated), and 
Electrode Site (Cz, Pz, PL, PR) In addition, planned comparisons were done for the 
dominant and the subordinate targets separately, comparing the concordant relative to 
the unrelated condition, the discordant relative to the control condition, and the 
concordant relative to the discordant condition These analyses had Congruency and 
Electrode Site (Fz, Cz, PL, PR) as the within-subject factors 
5
 Since the ISI manipulation was irrelevant to the critical words in mid sentence position, the N400 
effect to these control conditions was analyzed for the ISI=1250 ms version only 
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YOUNG CONTROLS (N=24), 
Critical Word in Mid-Sentence Position 
AL 
Fz 
PL 
4μΥ 
Cz 
AR 
PR 
¡' " . ' Y b w ' " . 
^У 
high cloze 
low cloze 
I 1 1 1 1 1 
0 200 400 600 800 1000 ms 
Figure 1 Grand average ERPs to the low cloze (solid line) and high cloze (dotted line) critical words in 
mid-sentence position 
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ERPs to target words ISI=WO 
The averaged waveforms in the three context conditions for the dominant targets are 
shown in Figure 2, and for the subordinate targets in Figure 3 The mean amplitude of 
the N400 in the three context conditions is shown in Table 4 
ISI=100ms 
Contest 
Condition 
Concordant 
Discordant 
Unrelated 
Overall 
MA 
1 48 
-0 86 
-2 04 
d 
-3 52 
-1 18 
Dominant 
MA 
1 12 
-0 62 
-2 13 
d 
-3 25 
-1 51 
Subordinate 
MA 
1 84 
-1 09 
-1 95 
d 
-3 79 
-0 86 
Table 4 Mean Amplitude of the N400 in ц (MA) over Cz, Pz, PL, and PR electrodes (both across and 
by Target Frequency), as a function of context condition for the young controls (n=21) in the short ISI 
version of the experiment (ISI= 100 ms) Differences (d) are measured relative to the unrelated baseline 
As is clear from Figures 2 and 3, the waveforms are characterized by small, but clearly 
identifiable N1 and P2 components The amplitude of these components is probably 
attenuated because the ISI between sentence-final word and target was only 100 ms, 
and these components need longer ISIs to regain there maximum amplitude (Knight, 
Hillyard, Woods, & Neville, 1980) Overall, the P2 is larger in amplitude in the 
concordant and discordant conditions than in the unrelated condition However, this 
difference might be due to an overlapping differential N400 (see Hagoort, Brown, & 
Swaab, in press) N1 and P2 components are followed by the N400, which has a clear 
centropanetal distribution The amplitude of the N400 to targets in the concordant 
condition is reduced when compared to the unrelated and the discordant conditions for 
the dominant and the subordinate targets The amplitude of the N400 to targets in the 
discordant condition is also reduced relative to the unrelated condition This latter 
difference is larger for the dominant targets The N400 is followed by a positive 
deflection over the posterior leads, most evident for the targets in the concordant 
condition The waveform for the unrelated targets remains more negative than the 
waveforms for the discordant and the concordant targets, while the waveforms for the 
targets in the concordant and the discordant condition start to overlap at the end of the 
measurement window 
An overall ANOVA was done on the N400-amphtude for all six sentence conditions 
in the 350-600 ms epoch This ANOVA had Order of Presentation (Block 1,2,3, 
Block 2,3,1, Block 3,1,2) as the additional factor, with subjects nested under Order of 
Presentation 
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YOUNG CONTROLS, ISI = 100 ms, Dominant Targets 
Concordant 
Discordant 
Unrelated 
I 1 1 1 1 1 Ι­
Ο 600 1200 1800 ms 
Figure 2 Grand average ERPs in the short (100 ms) ISI version for the dominant targets in the 
concordant (solid line), discordant (dotted line), and unrelated (dashed line) context conditions in the 
lexical ambiguity experiment 
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YOUNG CONTROLS, ISI = 100 ms, Subordinate Targets 
Concordant 
Discordant 
Unrelated 
I 1 1 1 1 1 ι -
Ο 600 1200 1800 ms 
Figure 3 Grand average ERPs in the short (100 ms) ISI version for the subordinate targets in 
concordant (solid line), discordant (dotted line), and unrelated (dashed line) context conditions in 
lexical ambiguity experiment 
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There was no main effect of Order of Presentation (F< 1), and no interaction of Order 
of Presentation with Congruency (F<1) or Frequency (F<1), indicating that the Order 
of Presentation of the blocks had not influenced the pattern of results The ANOVA 
yielded no main effect of Target Type (F<1) The amplitude of the N400 was 
comparable to targets related to the dominant and targets related to the subordinate 
meaning of the ambiguous word Therefore, any ERP-differences among conditions 
can be attributed to the effects of context The difference between conditions was 
substantiated by a significant main effect of Congruency (F( 1,18)=73 46, MSe=7 35, 
p< 01) The effect of Congruency did not interact with Target Type (F(l,18)=3 42, 
MSe=4 34, p> 05) 
In a series of planned comparisons, the differences between the three context 
conditions were tested for the dominant and the subordinate targets separately As 
expected, for the dominant targets there was a significant reduction of the amplitude 
of the N400 for the targets in the concordant relative to the unrelated condition 
(F(l,18)=72 51, MSe=6 14, p<0001), and for the concordant relative to the 
discordant condition (F(l,18)=25 44, MSe=5 03, p< 0002) There was also a highly 
significant reduction of the N400 amplitude to the targets in the discordant relative to 
the unrelated condition (F(l,18)=39 14, MSe=2 51, p= 0001) 
For the subordinate targets there was a clear significant reduction of the N400 
amplitude to the targets m the concordant relative to the unrelated condition 
(F(l,18)=54 34, MSe=l 1 11, p< 0001), and for the targets in the concordant relative 
to the discordant condition (F(l,18)=52 80, MSe=6 84, p< 0001) The small N400 
difference between the discordant and the concordant condition was also significant 
(F( 1,18)=8 96, MSe=3 46, p< 008) 
In sum, both dominant and subordinate targets showed a significant reduction of the 
N400-amphtude in the concordant condition relative to the other two context types 
Furthermore, the N400-amplitude was significantly reduced to both target types in the 
discordant relative to the unrelated condition The reduction in the discordant context 
was however much smaller than the reduction in the concordant context (see Table 4) 
In addition, the difference between the discordant and the unrelated condition was 
larger for the dominant targets than for the subordinate targets by 0 65 \iM 
ERPs to target words ISI 1250 
The analyses of variance for this version of the experiment were done according to the 
procedures that were described in the previous section for the short ISI 
The averaged waveforms m the six context conditions are shown in Figure 4 
for the dominant and in Figure 5 for the subordinate targets The mean amplitude of 
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the N400 for these conditions is shown m Table 5 
ISI=1250ms 
Context 
Condition 
Concordant 
Discordant 
Unrelated 
Overall 
MA 
-0 10 
-2 06 
-3 07 
d 
-2 97 
-101 
Dominant 
MA 
-0 14 
-1 37 
-2 93 
d 
-2 79 
-1 56 
Subordinate 
MA 
-0 06 
-2 75 
-3 21 
d 
-3 15 
-0 46 
Table 5 Mean Amplitude of the N400 in μν (MA) over Cz, Pz, PL, and PR electrodes (both across and 
by Target Frequency), as a function of context condition for the young controls (n=24) in the long ISI 
сгыоп of the experiment (ISI-1250 ms) Differences (d) are measured relative to the unrelated baseline 
As is seen in Figures 4 and 5, with an ISI of 1250 ms the waveforms show clear N1 
and P2 components, that are largest over the anterior and central sites N1 and P2 
components are followed by the N400, that is larger over centropanetal sites The 
amplitude of the N400 is reduced in the concordant relative to the unrelated and the 
discordant conditions For the dominant targets, over the centropanetal sites the N400 
in the discordant condition is reduced relative to the unrelated condition The 
difference between the unrelated and discordant conditions is smaller or absent for the 
subordinate targets The N400 is followed by a positive deflection over the postenor 
leads in the concordant condition, and for the dominant targets this positive deflection 
is also seen in the discordant condition For both the dominant and the subordinate 
targets, the waveforms for the concordant and the discordant conditions start to 
overlap in the later part of the measurement window, while the waveform in the 
unrelated condition remains more negative 
An overall ANOVA on the mean amplitude of the N400 in the 350-600 ms epoch 
revealed no main effect of Order of Presentation (F<1), and this factor did not interact 
with Congruency (F<1) or Target Type (F<1) This indicates that Order of 
Presentation again had not influenced the results Just as m the short ISI version, there 
was a significant main effect of Congruency (F( 1,21 )=45 21, MSe=9 68, p< 01 ), and 
no significant Target Type by Congruency interaction (F(l,21)=2 04, MSe=13 53, 
p> 05) But, in contrast to the short ISI version, there was a significant effect of Target 
Type (F(l,21)=5 33, MSe=7 55, p< 04) Inspection of the waveforms in Figures 4 and 
5, and Table 5 reveals that this was due to the fact that the amplitude of the N400 was 
somewhat larger to the subordinate than to the dominant targets m all context 
conditions 
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YOUNG CONTROLS, ISI = 1250 ms, Dominant Targets 
Concordant 
Discordant 
Unrelated 
— I 1 1 1 1 -
600 1200 1800 ms 
Figure 4 Grand average ERPs in the long (1250 ms) ISI version for the dominant targets in the 
concordant (solid line), discordant (dotted line), and unrelated (dashed line) context conditions in the 
lexical ambiguity experiment 
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YOUNG CONTROLS, ISI = 1250 ms, Subordinate Targets 
Concordant 
Discordant 
Unrelated 
ι 1 1 1 1 1 ι-
Ο 600 1200 1800 ms 
Figure 5 Grand average ERPs in the long (1250 ms) ISI version for the subordinale targets in the 
concordant (solid line), discordant (dotted line), and unrelated (dashed line) context conditions in the 
lexical ambiguity experiment 
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The planned compensons for the dominant targets revealed a significant reduction of 
the N400 amplitude m the concordant relative to the unrelated condition 
(F(l,21)=20 31, MSe=18 42, p< 0003), in the concordant relative to the discordant 
condition (F( 1,21)= 10 59, MSe=6 95, p< 004), and m the discordant relative to the 
unrelated condition (F(l,21)=7 13, MSe=16 24, p< 02) 
For the subordinate targets, there was also a significant N400 amplitude 
reduction for the targets in the concordant condition relative to the unrelated condition 
(F(l,21)=61 27, MSe=5 67, p< 0001), and for the targets in the concordant relative 
to the discordant condition (F(l,21)=34 61, MSe=13 69, p< 0001) No significant 
difference was obtained between the unrelated and discordant conditions 
(F(l,21)=l 13,MSe=8 63,p=30) 
In summary, in the long ISI version the N400-amphtude was significantly reduced to 
both the dominant and the subordinate targets in the concordant condition relative to 
the two other context types In addition, there was a reduction of the amplitude of the 
N400 to the dominant targets in the discordant relative to the unrelated condition, but 
this was not the case for the subordinate targets In other words, there was evidence of 
activation of the dominant meaning when it was contextually inappropriate In 
contrast, the subordinate meaning had decayed or was suppressed when it was 
contextually inappropriate 
First block analyses ofERPs to target words 
To check whether repetition of targets and ambiguous words induced the subjects to 
use some kind of strategy to predict the targets, analyses were done on the data from 
the block that was first presented to each subject6 Targets and ambiguous words were 
never repeated within a block Nevertheless, all the experimental items were included 
in this analysis, because each of the three blocks occurred first in one of the three 
presentation versions Absence of strategic effects can be inferred if the pattern of 
results for this first block analysis closely matches the overall analysis, and this was 
indeed the case 
ERPs to target words m first block ISI -100 
The mean amplitude of the N400 in the three context conditions for the dominant and 
the subordinate targets in the 350-600 ms epoch, averaged over the first block only is 
shown in Table 6 
As in the overall analysis, the first block results yielded no effect of Target 
6
 In this first block analysis, Order of Presentation was no longer a factor 
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Type(F( 1,20)= 1.62, MSe=10.59,p=22), and a significant main effect of Congruency 
(F(l,20)=27.48, MSe=31.97, p<01). Again, there was no interaction between 
Congruency and Target Type (F( 1,20)= 1.04, MSe=17.46, p>.05). 
ISI=100 ms 
Context 
Condition 
Concordant 
Discordant 
Unrelated 
Overall 
MA 
2 05 
-0 62 
-2.50 
d 
-4 55 
-1 88 
Dominant 
MA 
1 48 
-0 59 
-2 52 
d 
-4 00 
-1 93 
Subordinate 
MA 
261 
-0 65 
-2 49 
d 
-5 10 
-1 84 
Table 6 Mean Amplitude in ц (MA) of the N400 over CZ, PZ, PL, and PR electrodes, averaged over 
the first presented block (both across and by Target Frequency), as a function of context condition, for 
the young controls (n=21), in the short ISI version of the experiment (ISI=100) Differences (d) are 
measured relative to the unrelated baseline. 
The planned comparisons yielded similar differences in the first block as in the overall 
analyses. For the dominant targets, the N400 amplitude in the concordant condition 
was significantly reduced when compared to the unrelated (F(l,20)=44.78, 
MSe=15.07, p<0001), and the discordant condition (dominant: F(l,20)=6.05, 
MSe=29.96, p<03). The amplitude of the N400 to the targets in the discordant 
condition was reduced relative to the unrelated condition (F(l,20)=8.17, MSe=19.14, 
p<01). 
The same was true for the subordinate targets' A significant reduction of the 
N400 amplitude was obtained for the targets in the concordant relative to the unrelated 
condition (F(l,20)=34.67, MSe=31.44, p<0001), the concordant relative to the 
discordant condition (F( 1,20)= 18 88, MSe=23 64, p<0003), and the discordant 
relative to the unrelated condition (F(l,20)=4.87, MSe=29.03, p< 04). 
Because the pattern of results of the N400 effects in the first block analyses was very 
similar to that of the overall analyses, it seems unlikely that the observed N400 effects 
in the overall analyses are influenced by subjects' strategies. 
ERPs to target words m first block. ISI=1250 
The mean amplitude of the N400 (350-600 ms epoch) m the three context conditions 
for the dominant and the subordinate targets averaged over the first block only is 
shown m Table 7 
The analysis on the first-block data yielded a significant main effect of 
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Congruency (F(l,23)=7 82, MSe=27 20, p< 05), a marginally significant main effect 
of Target Type (F(l,23)=3 16, MSe=18 53, p= 08), and a significant Target Type by 
Congruency interaction (F(l,23)=5 28, MSe=19 13, p< 05) 
ISI=12S0ms 
Context 
Condition 
Concordant 
Discordant 
Unrelated 
Overall 
MA 
-0 73 
-2 49 
-3 11 
d 
-2 38 
-0 62 
Dominant 
MA 
-0 10 
-1 64 
-3 62 
d 
-3 52 
-198 
Subordinate 
MA 
-136 
-3 33 
-2 61 
d 
-1 25 
-Ю72 
Table 7 Mean Amplitude (MA) of the N400 in ц over Cz, Pz, PL, and PR electrodes, averaged over 
the first presented block (both across and by Target Frequency) as a function of context condition for the 
young controls (n-24) in the long ISI version of the experiment (ISI=1250) Differences (d) are measured 
relative to the unrelated baseline 
The planned comparisons for the dominant targets in the different context conditions 
for the first block showed the same pattern of results as the overall analyses A 
significant reduction in the N400 amplitude to the targets m the concordant relative to 
the unrelated condition (F(l,23)=22 87, MSe=26 01, p< 0002), and the discordant 
condition (F(l,23)=4 96, MSe=23 05, p< 04), and a reduction of the N400 amplitude 
to the targets in the discordant relative to the unrelated condition (F(l,23)=6 35, 
MSe=29 55, p< 02) 
The first block analyses revealed that the difference m the N400 amplitude to 
the subordinate targets m the concordant and the unrelated conditions failed to reach 
significance (F(l,23)=2 96, MSe=26 73, p= 11) The rest of the first block analyses 
showed the same pattern of results as the overall analyses No significant reduction in 
the amplitude of the N400 in the discordant relative to the unrelated condition 
(F(l,23)=l 61, MSe=15 67, p= 22), and a significant reduction of the N400 to the 
targets in the concordant relative to the discordant condition (F(l,23)=9 87, 
MSe=18 96,p<005) 
In sum, the pattern of results for the first block analyses diverged in one aspect from 
the overall analysis The difference between the N400 amplitude to the subordinate 
targets in the concordant relative to the unrelated condition was significant in the 
overall analysis, but not in the first block analysis Other than that, the pattern of 
results in the first presentation (first block) and after repetition of the targets and the 
ambiguous words (overall) was very compatible The deviation between the overall 
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and first block analyses is not readily explained in terms of strategic effects It seems 
unlikely that subjects developed a strategy only for a subset of the stimuli for which 
this strategy would be relevant (recall that there was a difference between the 
concordant and the unrelated condition for the dominant targets after presentation of 
the first block only) In addition, it is difficult to think of a strategy that would explain 
a reduction of the N400 amplitude to the subordinate targets in the concordant relative 
to the unrelated condition only after repetition of the targets and the ambiguous words, 
while the difference between the discordant and concordant condition was already 
significant after the first presentation In conclusion, the overall N400 results are most 
likely not due to strategic effects elicited by repetition of the lexical ambiguities 
Questionnaire 
The questionnaire was designed to force subjects to listen to the sentences In addition 
to asking questions about the content of sentences, the subjects were asked what word 
followed these sentences The mean average of correct responses over the two ISI 
versions of the experiment was 93% This supports the idea that subjects were paying 
attention to the stimulus materials 
The subjects' reports about the noticeable aspects of the experimental 
materials in the sentence experiment were scored according to three variables 
Repetition of items, relation between sentences and targets, and the presence of 
ambiguous words In the short ISI version of the experiment, all subjects were aware 
that items were repeated, and that there was sometimes a relation between the sentence 
and the target AH but one of the subjects noted the presence of ambiguous words In 
the long ISI version of the experiment, two subjects did not report the presence of 
ambiguous words, but all of them were aware that items were repeated, and that 
sometimes a relation existed between the sentences and the targets 
DISCUSSION 
In the present study the resolution of lexical ambiguities in sentence context was used 
as a means to study the time course of lexical selection and integration in young 
neurologically unimpaired subjects The major aim of this study was to validate the 
sentence materials In addition however, the ERP results of this study will be discussed 
in the light of other studies on the resolution of lexical ambiguities Furthermore, the 
results for the high vs low cloze words in mid-sentence position (the control 
conditions) will be discussed 
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Because ambiguous words have the same word form, but more than one distinct 
meaning ( "bank"), they provide the listener with the problem of selecting only that 
meaning that matches with the preceding context Selecting the appropriate meaning 
of an ambiguous word is dependent upon its integration into the preceding sentence 
context In the present study, the degree to which the contextual selection process has 
been successfully completed can be inferred from the comparison of the amplitude of 
the N400 at the short and the long ISI to the targets m the concordant relative to the 
unrelated and the discordant conations, but also from the comparison of the amplitude 
of the N400 to the targets m the discordant relative to the unrelated condition To 
reiterate, in the concordant context condition, the sentence biased the meaning of the 
sentence-final ambiguous word that was related to the target In the discordant context, 
the sentence biased the alternative meaning of the sentence-final ambiguity Finally, 
in the unrelated context, the sentence ended in an unambiguous word that was 
unrelated to the target 
Dominant targets 
For the dominant targets, the same pattern of results was found at both ISIs The 
expected reduction of the N400 in the concordant condition relative to the unrelated 
and the discordant conations was found This indicates that the young neurologicallv 
unimpaired subjects in this study had integrated the dominant meaning of the 
ambiguous words into the higher order representation of the preceding sentence 
context 
As predicted, there was a reduction of the amplitude of the N400 to the targets 
in the discordant relative to the unrelated condition m the short ISI version But 
unexpectedly, this difference was also found at the long ISI This indicates that the 
dominant meaning remained activated to some degree, possibly because the weakly 
constraining sentence contexts used in the present study did not completely override 
the effect of meaning dominance Under these circumstances, the dominant meaning 
did not become completely suppressed when it was contextually inappropriate 
Subordinate targets 
As expected, the N400 to the subordinate targets was also clearly reduced in the 
concordant relative to the unrelated and the discordant conditions, both in the short and 
in the long ISI version of the experiment This indicates that the subordinate meaning 
had been integrated into the preceding sentence context An unexpected small 
difference in the amplitude of the N400 to the targets m the discordant relative to the 
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unrelated condition was found for the short ISI version of the experiment This 
difference was absent at the long ISI 
The small difference in the amplitude of the N400 to the targets m the 
discordant relative to the unrelated condition indicates that the contextually 
inappropriate subordinate meaning is not completely suppressed after 100 ms It is not 
clear what has induced this effect in the young controls Given the fact that in most 
other studies the selection of the dominant meaning is completed very rapidly, it might 
be the case that the rest-activation that was seen for the subordinate meaning when it 
was contextually inappropriate results from the fact that the contextual bias of the 
sentences m this study was not very strong It could therefore be the case that this 
activation resulted from a small lexical priming effect between the sentence-final 
ambiguous word and the target irrespective of the context This is not to say that 
context did not exert its influence at all, because in that case there would have been no 
difference between the N400 effects in the unrelated-concordant, and the unrelated-
discordant conditions This was clearly not the case The difference between the 
unrelated and the discordant conditions (-0 86 ц ) was only a small proportion (23%) 
of the difference between the unrelated and the concordant conditions (-3 79 ц ), 
which indicates that the sentences had been effective in their bias It is furthermore 
important to note that there was also a significant difference between the concordant 
and the discordant conditions (-2 93 ц ), indicating that the activation of the 
subordinate meaning had been clearly reduced when it was contextually inappropriate 
All of these pieces of evidence point into the same direction, namely that the 
contextual selection for the dominant meaning was well under way at the short ISI7 
N400 to critical words in mid-sentence position 
The young adults in this study showed a small and very early effect of cloze 
probability The waveforms started to diverge at the onset of the critical words, which 
is even earlier than in the connected speech study of Holcomb and Neville (1991), 
where the earliest effect was found at 50 ms after the onset of the critical words 
Holcomb and Neville (1991) have argued that the early onset of the N400 effect in 
connected speech resulted from early selection (Zwitserlood, 1989) A similar 
argument might apply to the current data However, it might also be the case that the 
7
 One final noticeable aspect of the waveforms lor both the subordinate as well as for the dominant 
targets should not remain unmentioned Whereas the N400 to the targets in the concordant and the 
discordant conditions start to overlap in the late part of the measurement window in both ISI versions, the 
N400 to the targets in the unrelated condition remained more negative It might be the case that the late 
difference between the discordant and the unrelated condition indicates the subjects' late realization that 
the ambiguous word had an alternative meaning 
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N400 effect in the present study is overlapping with an earlier negative component that 
has been described by Connolly and Phillips (1994), the phonological mismatch 
negativity or PMN They showed that the PMN was functionally independent of the 
N400 and that it was especially sensitive to phonological mismatch The PMN showed 
up to sentence-final words that were semantically appropriate, but that started with 
a phoneme that was different from the phoneme of the word that had the highest cloze 
probability In the present study, the critical words in the low cloze condition also 
started with a different phoneme than that of the word with the highest cloze 
probability, and therefore, this early negative effect might in part be an overlapping 
PMN 
Multiple vs. selective access 
Because the first point of measurement was 100 ms after offset of the sentence-final 
ambiguous word, the results of the present study are inconclusive with respect to the 
question of whether initially all meanings of the lexical ambiguity are accessed 
(multiple access model, e g , Onifer & Swinney, 1981), or whether the dominant 
meaning is always accessed first (ordered access model, e g Hogaboam & Perfetti, 
1975, reordered access model, e g , Rayner et al, 1994) However, the results of the 
present study argue against a pure selective access model (Glucksberg, Kreuz, & Rho, 
1987, Simpson, 1981), because this model predicts that only the contextually 
appropriate meaning is activated, whereas the present data indicate that the 
contextually inappropriate meaning was activated as well But the current study cannot 
exclude that there might be an absence of activation of the subordinate meaning in 
sentences that provide strong semantic constraints for the dominant meaning of the 
lexical ambiguity (e g , Tabossi & Zardon, 1993) 
However, the data do support the idea that dominance plays a role in 
ambiguity resolution After the short ISI, the contextual selection was well under way 
for the subordinate meaning, while this was not the case for the dominant meaning 
Furthermore, after the long ISI, there was still evidence of activation of the dominant 
meaning when it was contextually inappropriate, while this was not the case for the 
subordinate meaning 
Comparison of the current study with the ERP study of Van Petten and Kutas (1987) 
reveals that these studies differ in one aspect from each other In their short ISI 
condition, Van Petten and Kutas (1987) did not find an initial N400 difference 
between the unrelated targets and the targets that were related to the contextually 
inappropriate dominant meaning Only after 500 ms did the waveforms in these two 
conditions start to diverge In contrast to their study, in the present study at the short 
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ISI, the difference in the N400 amplitude to the dominant targets in the discordant and 
the unrelated context is apparent in the whole 350-600 ms N400 window 
Several methodological differences might account for the discrepancy between 
these ERP studies One major contrast between the Van Petten and Kutas study and 
the present one, is that in their study the subjects were reading the sentences and the 
targets, while in the current study both the sentences and the targets were presented m 
the auditory modality Although this could have resulted in some difference between 
these studies, it is probably not the whole explanation 
The second variable that might have been of influence on the observed 
difference at the short ISI concerns the actual duration of this interval, which was only 
16 ms in the Van Petten and Kutas study versus 100 ms in the present study However, 
since these ISIs were used with visual and spoken input respectively, it is very difficult 
to directly compare these ISIs, because it is unlikely that the recognition point8 (that 
is the amount of sensory information that is needed for word recognition) in the visual 
modality exactly matches that in the auditory modality (even aside from the fact that 
different materials were used) 
Finally, probably the most important methodological difference between the 
two studies was the type of contextual constraint In the present study, care was taken 
to avoid context sentences that have been claimed to induce selective access 
(Seidenberg et al, 1982, Tabossi & Zardon, 1993) In contrast, Van Petten and Kutas 
provided their subjects with sentence contexts that strongly biased the subordinate 
meaning of the sentence-final ambiguous word This was established by designing 
sentences that contained words that were semantically related to this meaning of the 
ambiguous word As has been shown by Seidenberg et al ( 1982), this procedure might 
lead to early selection of the contextually appropriate meaning of the ambiguous word 
because of word level priming effects It seems therefore possible that the discrepancy 
between the study of Van Petten and Kutas and the present one can be explained in 
terms of different types of contextual constraint Because of the way they constructed 
their context sentences, word level priming might have induced early selection in the 
data of Van Petten and Kutas Word level pnming did not influence the data in the 
present study, because the sentence contexts did not contain any words that were 
associativcly related to either the sentence-final ambiguous word or the target Under 
these conditions it was found that the contextually inappropriate dominant meaning 
was not suppressed when the sentence context biased the subordinate meaning of the 
ambiguous word 
8
 While written words can usually be perceived within one fixation, the speech signal is coming in 
gradually, and not all the sensory information is available at the same time 
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As is clear from the previous discussion, the results of the present study can be 
explained in terms of a multiple access model, as well as in terms of models in which 
meaning dominance plays a role in the resolution of lexical ambiguities in sentence 
context. In addition, it seems clear that the discrepancy in the present results and the 
results of Van Petten and Kutas (1987) can be accounted for by methodological 
differences. However, given the focus of Chapter 5, in which the time course of 
ambiguity resolution will be investigated in a group of neurologically unimpaired 
elderly controls and a group of Broca's aphasies, the most important conclusions of 
the present study are with respect to the time course of the lexical integration and 
selection processes. For both practical and theoretical reasons, the subjects in Chapter 
5 will only be presented with the sentences followed by the subordinate targets. I will 
therefore conclude this Chapter with a brief summary of the most important results for 
the subordinate targets. The N400 to the subordinate targets in the concordant 
condition was clearly reduced relative to the targets in the unrelated and the discordant 
conditions, both at the short and the long ISI. This indicates that the subordinate 
meaning was integrated when it was contextually appropriate. After the short ISI, there 
was some evidence of activation of the subordinate meaning when it was contextually 
inappropriate However, this was only a small proportion of the activation of the 
subordinate meaning when it was contextually appropriate. After the long ISI, there 
was clear evidence that the subordinate meaning was no longer active if it was 
contextually inappropriate. In short, this pattern of results for the subordinate targets 
indicates that the contextual selection process was well under way 100 ms after the 
subjects had heard the sentence final ambiguous word 
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APPENDIX 
Critical word target items used in the experiments The following information is specified the ambiguous 
word, the target word, the frequency of occurrence of the target related reading of the ambiguous word 
(in brackets), and the three context sentences The context sentences are in the following order 
concordant discordant unrelated 
DOMINANT CONDITION 
1D ADVOCAAT - RECHTER (76) 
Mijn vriendin overlegt met haar ADVOCAAT 
Mijn moeder lepelt van haar ADVOCAAT 
De jongen ruziet over zijn SALARIS 
2D AS - ROOK (76) 
De schoonmaakster verwijderde de gemorste AS 
De metaalarbeider laste de gebroken AS 
De natuurvnend zag een zeldzame BIJ 
3D BEKKEN - HEUP (70) 
Op de scherpe röntgenfoto bekeek ZIJ het BEKKEN 
Bij het beroemde orkest speelde hij het BEKKEN 
In deze nieuwe winkel kocht ZIJ een GORDIJN 
4D BLIK - TROMMEL (81) 
De kok stopte het afval in een BLIK 
De minnaar zocht zijn geliefde met zijn BLIK 
De voorbijganger haalde de hond uit de SLOOT 
5D BOK - GEIT (87) 
De eigenaar van de kinderboerderij hield veel van de BOK 
De turnkampioen van het district viel hard van de BOK 
De vriendin van de filmster betaalde veel voor de JAS 
6D BOS-BOMEN (81) 
De koning belooft de jagers een deel van zijn BOS 
De acteur geeft zijn tegenspeelster de helft van zijn BOS 
De kleuter geeft zijn vriendje een stukje van zijn KOEK 
7D COL - TRUI (70) 
In de nieuwe wintermode ligt het accent op de COL 
In deze zware wedstrijd ligt de finish na de COL 
Op het gezellige terras geniet het meisje van de ZON 
8D COI LEGE - LES (99) 
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De man dutte een uurtje in tijdens het COLLEGE 
De man diende een klacht in bij het COLLEGE 
De man pakte een cadeautje in voor een COLLEGA 
9D DOEL - VOETBAL (72) 
De cameraman filmde in het lege DOEL 
De artiest protesteerde tegen het uitgekozen DOEL 
De man speechte tijdens het feestelijke MAAL 
1 OD EEND - SNAVEL (92) 
Het kind kijkt naar een brutale EEND 
Mijn broer rijdt met een oude EEND 
De hond speelt met een oude SLOF 
11D GANG-HAL(94) 
Dit huis heeft een mooie GANG 
Het veulen heeft een levendige GANG 
Deze jurk heeft een fraaie KLEUR 
12D GRUXL) - OVEN (93) 
In zijn keuken bereidt Peter het gerecht op de nieuwe GRILL 
In het jongerenblad vestigt men de aandacht op de laatste GRIL 
In de winkel koopt Marieke een pakje van de geurige THEE 
13D HELM - BROMMER (93) 
Het meisje vroeg haar ouders om een betere HELM 
De beheerder beplantte het natuurgebied met de taaie HELM 
De vrouw verhuisde haar spullen naar een nieuwe FLAT 
14D HERDER - SCHAAP (93) 
Mijn vriendin kocht deze zomer een trui bij een HERDER 
Mijn vader won deze zomer een pnjs met onze HERDER 
De jongen kocht deze morgen een ijsje op de KERMIS 
15D HIT - RADIO (93) 
Op hel feest speelden zij de afgezaagde HIT 
In het weiland zagen wij de vrolijke HIT 
In hel warenhuis kocht zij de handige TAS 
16D JACHT - BOOT (74) 
Hij legde een afvoer aan in zijn JACHT 
Hij liep deze wond op tijdens een JACHT 
Hij trok zijn jasje uit tijdens de BORREL 
17D KAPEL - PASTOOR (92) 
De vrijgekomen grond werd bebouwd met een KAPEL 
Het tienjarig jubileum werd opgeluisterd door een KAPEL 
De oude kleding werd bewaard m de KELDER 
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18D KEI-ROTS (98) 
René vond tijdens de wandeling een bijzondere KEI 
Hans was op zijn school de grootste KEI 
Agnes kocht in het warenhuis een grote HAM 
19D KLOMP - HOUT (92) 
Verheugd ontving de Japanse zaakgelastigde een Hollandse KLOMP 
Nieuwsgierig woog de oude schatzoeker de opgegraven KLOMP 
Ontmoedigd bekeek de vermoeide reiziger de kapotte TENT 
20D KRUK - STOEL (84) 
De begaafde beeldhouwer zet het afgietsel op een KRUK 
De brutale bengel berooft de invalide van zijn KRUK 
De handige goochelaar haalt een sigaar uit zijn BROEK 
21D KUIT - BEEN (76) 
De huisarts onderzocht de opgezwollen KUIT 
De ober serveerde de verse KUIT 
Het jongetje zag een kleine MUIS 
22D KWARTIER - UUR (95) 
Tijdens deze wedstrijd arriveren de snelste atleten in een goed KWARTIER 
In deze stad wonen de armste mensen in een oud KWARTIER 
In deze wijk staan de troosteloze resten van een oude FABRIEK 
23D KWAST - VERF (98) 
De artiest werkte met een grote KWAST 
Het reisgezelschap leed onder de vervelende KWAST 
De gasten roddelden over de verwende BRUTO 
24D LIJS Γ - SCHILDERIJ (80) 
De vakman vervaardigde een houten LIJST 
De huisvrouw maakte een lange LIJST 
Het meisje had een vreemde DROOM 
25D LA - BÜRO (93) 
De kleren van de slordige jongen puilden uit de LA 
De stem van de schorre sopraan brak bij de LA 
De hond van de oude man rende door het GRAS 
26D MONSTER - DRAAK (81 ) 
In hel sprookjesbos ontmoette de kabouter een MONSTER 
Tijdens het experiment nam de onderzoeker een MONSTER 
In de uitverkoop kocht de vrouw een CEINTUUR 
27D MOP - GRAP (95) 
De oude man vertelde een spannende MOP 
De oplettende voetganger ontweek een grote MOP 
De vreemde man bezocht de nieuwe BAR 
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28D MOT - VLINDER (77) 
Zij zochl een middeltje tegen de hardnekkige MOT 
Zij vertelde de bedrijfsleider over hun voortdurende MOT 
Zij kocht dit papier voor haar nieuwe MAP 
29D MUNT - GULDEN (96) 
De vader maakte zijn jongste zoontje blij met de tamelijk zeldzame MUNT 
De kok maakte het exotische gerecht af met de pas geplukte MUNT 
De naaister werkte het carnavaleske pak af met een bont gekleurde BIES 
30D NAGEL - VINGER (98) 
De secretaresse opende de dikke enveloppe met een scherpe NAGEL 
De vakman bevestigde het nieuwe prikbord met een stalen NAGEL 
De barones bezorgde de geheime boodschap via haar trouwe BUTLER 
31D PAND - GEBOUW (96) 
De acteur kocht van de opbrengst een schitterend PAND 
De kleermaker ontwierp voor het kostuum een kleurig PAND 
De vrouw kocht voor haar dochter een prachtig KLEED 
32D PERS - KRANT (69) 
De kampioen wordt bejubeld in de PERS 
De druiven worden verzameld in een PERS 
De winnaar wordt beloond met een CD 
33D PIEK - KERSTBOOM (68) 
Op de laatste koopavond kocht ze uiteindelijk deze PIEK 
Na de verloren weddenschap gaf hij schoorvoetend een PIEK 
Na een flinke fietstocht nam hij gewoontegetrouw een DOUCHE 
34D PIER - STRAND (88) 
De jongen wandelde eenzaam over de verlaten PIER 
Het meisje keek gefascineerd naar een dikke PIER 
De vrouw keek glimlachend naar de grappige AAP 
35D PIJP - TABAK (82) 
De professor koopt ieder jaar een nieuwe PIJP 
De ingenieur inspecteert ieder jaar de gelaste PIJP 
De fysiotherapeut behandelt elke week mijn pijnlijke RUG 
36D PONDEN - GEWICHT (79) 
Op de gymles verloor Bertha haar eerste PONDEN 
BIJ zijn thuiskomst wisselde Erik zijn laatste PONDEN 
Op de rommelmarkt kocht Sylvia deze grote KOOIEN 
37D PUPIL - OOG (80) 
De arts onderzoekt met een nieuw instrument de beschadigde PUPIL 
De violist bemoedigt met een vriendelijk gebaar de muzikale PUPIL 
De vrouw verkoopt met een bezwaard gemoed de mooie PIANO 
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38D RIEM - GESP (98) 
De ijdele vrouw droeg bij het chique mantelpakje een dure RIEM 
De onervaren jongen verloor op het woelige water de linker RIEM 
De artistieke vakantieganger schilderde met een fijne penseel de tropische KUST 
39D ROOS - TULP (87) 
Na enige aarzeling gaf de verlegen minnaar alsnog de ROOS 
Na meerdere pogingen raakte de onervaren deelnemer alsnog de ROOS 
Na enige uren bereikten de wanhopige loensten alsnog de ZEE 
40D ROOSTER - SCHOOL (80) 
Na luttele overweging verwerpt de conrector het nieuwe ROOSTER 
In enkele uren repareert de smid het kapotte ROOSTER 
Over enkele minuten informeert de burgemeester de boze MENIGTE 
41D SCHAAL - SCHOT EL (76) 
In het hoekje van de kast vond ze de scherven van de SCHAAL 
In het nest van de kievit vond ze de restanten van de SCHAAL 
In het vriesvak van de koelkast bewaarde ze dne stukken van de TAARI 
42D SCHOT - GEWEER (95) 
Midden in de nacht hoorde Mane een SCHOT 
Midden op zolder timmerde Jan een SCHOT 
Midden op de weg vond Ronald zijn FIETS 
43D SLINGER - KLOK (66) 
Aan het mechaniek bevestigde de vakman een nieuwe SLINGER 
Voor het feest kocht de vrouw een grote SLINGER 
In het laboratorium bewerkte de specialist de onduidelijke FOTO 
44D SPOOR - TREIN (93) 
Tijdens het arbeidsconflict besloot de vakbond tot een staking bij het SPOOR 
Tijdens de boswandeling wees de natuurgids op de aanwezigheid van een SPOOR 
Tijdens de zomermaanden hielp de student bij het oogsten van het FRUIT 
45D SPORT - HANDBAL (98) 
De verslaggever bencht uitgebreid over de onbekende SPORT 
De schoorsteenveger schnkt hevig van de gebroken SPORT 
De man lacht hartelijk om de grappige KNAAP 
46D STIJL - MANIER (89) 
De kunstenaar heeft een bijzondere STIJL 
De timmerman vervangt de verrotte STIJL 
De getuige beschreef de bizarre MOORD 
47D TRAP - TREDE (79) 
De gepensioneerde glazenwasser geeft een jonge collega zijn oude TRAP 
De ijverige matroos geeft de oude scheepshond een zachte TRAP 
De handige verkoopster toont de geïnteresseerde klant een prachtige RING 
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48D VAK-BEROEP(82) 
Mijn moeder heeft veel belangstelling voor dit VAK 
De bediende zet alle spullen in het VAK 
De jongen verstopt zijn knikkers achter de STAL 
49D VEER - VOGEL (72) 
Jan plaagt zijn vader met een VEER 
Piet bereikt de overkant via een VEER 
Manetje bewaart haar dagboek in de KAST 
50D VIOLEN - SNAAR (95) 
In de antiekwinkel kochten wij deze prachtige oude VIOLEN 
In het tuincentrum kochten wij deze afgeprijsde kleurige VIOLEN 
In het museum zagen wij de prachtige kostbare KONEN 
SUBORDINA TE CONDITITION 
IS AAS-KAART (17) 
De winnaar speelde tenslotte zijn AAS 
Het jongetje bevestigde tenslotte zijn AAS 
De klant kocht uiteindelijk het BED 
2S AKKOORD-GITAAR (31) 
Zij oefenden urenlang op hel nieuwe AKKOORD 
Zij vergaderden dagenlang over het nieuwe AKKOORD 
Zij werkten jarenlang aan het nieuwe PALEIS 
3S AMANDELEN - KEEL (31 ) 
De chirurg verwijdert kundig de pijnlijke AMANDELEN 
De jongen pikt snel de grootste AMANDELEN 
De krant publiceert vandaag deze knappe SPOTPRENTEN 
4S ARTIKEL-WINKEL (31) 
Na enige aarzeling kiest de vrouw uiteindelijk toch het dure ARTIKEL 
Na zorgvuldige overweging verandert de schrijver uiteindelijk toch zijn controversiële 
ARTIKEL 
Na enige aarzeling maakt de man uiteindelijk toch de zware WANDELING 
5S BAL - FEEST (4) 
Gisteren hield de vereniging haar jaarlijkse BAL 
Gisteren kocht het meisje een mooie BAL 
Gisteren bewerkte de vrouw de ruwe KLEI 
6S BLAD - TIJDSCHRIFT (8) 
De man kocht in de winkel het buitenlandse BLAD 
De bioloog bekeek door de microscoop het zeldzame BLAD 
De jongen onderzocht met zijn vnend de oude GROT 
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7S BLOEM - MEEL (2) 
Tijdens het koken ontdekte de vrouw beestjes in de bedorven BLOEM 
Tijdens de les maakte de cursist schetsen van de exotische BLOEM 
Tijdens de sessie maakte de patiënt melding van zijn grote ANGST 
8S BRIL - WC (8) 
De loodgieter vervangt met veel vakmanschap de oude BRIL 
Marieke past met veel geduld een nieuwe BRIL 
Irma denkt met veel genoegen aan de mooie DAG 
9S BUIL-ZAK(13) 
Mijn moeder bewaarde wat vruchten in een BUIL 
Mijn vnend smeerde wat zalf op zijn BUIL 
De vrouw bekeek wat recepten voor de SAUS 
1 OS C E L L E N - Z E N U W (7) 
D e professor vertelt vandaag over het ontstaan van levende C E L L E N 
Het kabinet vergadert vandaag over de bouw van nieuwe C E L L E N 
De boer timmert vandaag aan een hok voor zijn nieuwe KIPPEN 
11S D A M - S P E L (30) 
De kampioen kwam al na tien minuten in het bezit van een D A M 
De bevolking streed al tien jaar voor de aanleg van een D A M 
Het parlement stemde al drie keer voor het veranderen van het PLAN 
12S D A S - D I E R (20) 
In de dierentuin zag hij een slapende DAS 
Aan de etalage zag hij een fraaie DAS 
Op het vliegveld kocht hij een dure P E N 
13 S D E E L - B O E R D E R I J (13) 
De veearts onderzocht de dieren op een tochtige DEEL 
De schrijver zette zijn handtekening in een laatste D E E L 
De rechter maakte een aantekening van het belangrijke FEIT 
14S D E K E N - K E R K (4) 
De parochianen begroeten op grootse wijze hun nieuwe D E K E N 
De hulporganisatie kocht voor alle drenkelingen een nieuwe D E K E N 
De opzichter controleerde na het werk de nieuwe VLOER 
15S E S - T O O N (9) 
De leraar genoot bij het horen van de zuivere E S 
De opzichter mopperde bij het wegsiepen van de dode ES 
Het meisje klaagde bij het schoonmaken van de grote UI 
16S EZEL - SCHILDER (2) 
Wilma plaatste haar onvoltooide portret naast de EZEL 
Herman kocht de verse stro voor de EZEL 
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Jan verloor zijn nieuwe paspoort tijdens de REIS 
17S GARDE - LEGER (20) 
Tijdens het keizerlijk bezoek ontbreekt de trouwe GARDE 
In de linker keukenla ligt de nieuwe GARDE 
Onder de bijeengeraapte schillen ligt een oude DOOS 
18S GIER-STANK (16) 
In Nederland zoeken deskundigen naar een oplossing voor de overtollige GIER 
In de Andes zoeken biologen naar een exemplaar van de zeldzame GIER 
Op Sicilië zoeken de bestuurders naar een subsidie voor het arme DORP 
19S HOOFD - LEIDER (7) 
De medewerkers gaven een feestje voor het nieuwe HOOFD 
De vrouw maakte een tekening van zijn karakteristieke HOOFD 
De toerist maakte een foto van het zeldzame BEEST 
20S HOOP - BERG (28) 
De brandweerman spoot het schuim op de smeulende HOOP 
De misdadiger beroofde de vrouw van haar enige HOOP 
De burgemeester regelde een beloning voor de ijverige AGENT 
21S KADER - LEIDING (40) 
Hij overlegde de kwestie met het KADER 
Zij zette haar handtekening in het KADER 
Hij zette de kaarsen op het ALTAAR 
22S KAS - TEELT (26) 
In een opwelling vernielden de vandalen de ruiten van de KAS 
Tijdens de het schoolreisje pikten de jongens de inhoud van de KAS 
Tijdens zijn stage bestudeerde de bioloog de achteruitgang van de HEIDE 
23S KNOL - BIET (32) 
Op de kookles bereidden de leerlingen een groene KNOL 
Op de kinderboerderij aaiden de schoolkinderen de lieve KNOL 
Voor de veiligheid bouwden de mannen een nieuwe DIJK 
24S KNOOP - TOUW (34) 
De Instrukteur leerde ons de ingewikkelde KNOOP 
De marktman verkocht mij een bijzondere KNOOP 
De winkeljuffrouw verkocht mij een goeie CREME 
25S KOLEN-SCHUUR (10) 
In de laadruimte van het schip ligt een partij zwarte KOLEN 
In deze hoek van de moestuin groeit een aantal groene KOLEN 
Aan deze kant van het huis nestelen een aantal kleine MEZEN 
26S KRAAN -1ÖJSEN (23) 
De bouwvakkers gebruikten voor de zware werkzaamheden een KRAAN 
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De loodgieter monteerde in de nieuwe badkamer een KRAAN 
De vrouw kocht in deze goeie muziekhandel een FLUIT 
27S LOF - SLA (34) 
Het kleine kind lustte geen LOF 
De vervelende man verdiende geen LOF 
Het nieuwe bedrijf vond geen GAS 
28S MAAT - MAKKER (22) 
In de sportzaal zag hij een oude MAAT 
In de winkel verkochtten zij de goede MAAT 
Op zijn werk begroette hij de nieuwe CHEF 
29S MOTIEF - PATROON (24) 
De ontwerper lanceerde in zijn wintercollectie een nieuw MOTIEF 
De leugenaar verzon voor zijn daad een fantastisch MOTIEF 
De medewerker kreeg voor zijn verdiensten een mooi BOEKET 
30S PAK-KADO(31) 
Nieuwsgierig bekijkt de kleuter het grote PAK 
Gracieus showt het topmodel het prachtige PAK 
Zwetend schrobt de jongen het smenge DEK 
31S PARKET-RECHTBANK (10) 
Zij diende een klacht in bij het PARKET 
Zij bracht een laklaag aan op het PARKET 
Zij bracht een verandering aan in het GEDICHT 
32S PIT-ENERGIE (12) 
De nieuwe medewerker heeft de nodige PIT 
De handige kok verwijdert de harde PIT 
De stoere jongens maakten een mooie HUT 
33S PLAAT-POSTER (16) 
Aandachtig keek zij naar de kleurige PLAAT 
Weemoedig luisterde zij naar de oude PLAAT 
Gefascineerd keek ze naar de felle BRAND 
34 S PLOEG-TEAM (36) 
Mijn broer behoorde lot de beste PLOEG 
De knecht zat op de nieuwe PLOEG 
De vrouw liep door de indrukwekkende KLOOF 
35S POP-ELPEE (12) 
Tijdens dit programma wordt veel gesproken over de moderne POP 
Tijdens de veiling werd veel geboden voor de antieke POP 
Gedurende enige uren werd flink gewerkt aan hel kapotte DAK 
36S REDE-VERSTAND(15) 
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De filosoof had een interessante theone over de REDE 
De krant bracht een goed verslag van de REDE 
De fotograaf maakt een mooie opname van de NEUSHOORN 
37S REGEL-WET (21) 
De nieuwe direkteur continueerde de verouderde REGEL 
De jonge dichteres citeerde de prachtige REGEL 
De mooie vrouw proefde de heerlijke SOEP 
38S SLAG - GEVECHT (27) 
In de geschiedenisles vertelde de aardige leraar over de beroemde SLAG 
In het veld pochtte de beroemde sportman op zijn harde SLAG 
In de lobby schold de geplaagde manager op de klagende GAST 
39S SLOT-EINDE (21) 
Het moderne toneelstuk heeft een vernieuwend SLOT 
Het antieke museumstuk heeft een vernieuwd SLOT 
De jonge kunstenaar ontwierp een fraaie LAMP 
40S SPRUIT-BABY (12) 
Zij keek bezorgd naar haar enige SPRUIT 
ZIJ kauwde walgend op een bittere SPRUIT 
Zij keek angstig naar de grote LEEUW 
41S STER-FILM (17) 
De fans juichen uren lang voor de STER 
De geleerden turen uren lang naar de STER 
De kleuter kijkt minuten lang naar zijn DUTM 
42S STREEK - LIST (6) 
De leerling ziet zijn straf als een nare STREEK 
De reisgids vermeldt de Bonnage als een treurige STREEK 
De kunstenaar beschouwt dit stuk als zijn mooiste WERK 
43S STROOM - WATER (35) 
Aan het begin van de overlevingstocht volgden de deelnemers de STROOM 
Aan het einde van de maand betaalde mijn vader de STROOM 
Bij de opening van de delicatessenwinkel kocht de man een KAAS 
44S TOILET - KLEDING (7) 
Deze actrice verschijnt in het meest kostbare TOILET 
De jongen rent naar het dichtst bijzijnde TOILET 
De vrouw kiest voor het minst drukke LOKET 
45S TONG-VIS (14) 
De vrolijke marktman maakte flink reclame voor zijn verse TONG 
De kleinzerige jongen maakte veel ophef over zijn pijnlijke TONG 
De chagrijnige man maakte veel ophef over de kapotte FLES 
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46S TROEP-HORDE (18) 
In de stad werden de supporters plotseling overvallen door een vijandige TROEP 
In de hotelkamer werd het echtpaar onaangenaam verrast door de enorme TROEP 
Op hun verjaardag werd de tweeling onverwacht verwend door een verre NEEF 
47S VORST - KONING (38) 
De hele straat was versierd vanwege de jange VORST 
De hele school had vnj vanwege de onverwachte VORST 
Het hele bedrijf was bijeen vanwege de plotselinge CRISIS 
48S WORTELS - WISKUNDE (2) 
Tijdens het proefwerk berekent hij de WORTELS 
Voor haar baby pureerde zij de WORTELS 
Voor de vergadering verdeelde hij de STENCILS 
49S ZAAK - GEVAL (9) 
HIJ dacht langdurig na over de vervelende ZAAK 
ZIJ praatte langdurig over de failliete ZAAK 
Zij liep langdurig rond in de mooie STAD 
50S ZIJDE - KANT (24) 
De snelle spits bereikte als eerste deze ZIJDE 
De oosterse koopman verkocht als eerste deze ZIJDE 
De Griekse filosoof verkondigde als eerste deze VISIE 
CONTROL SENTENCES 
The control sentences are presented in pairs The critical word is in bold The cloze probability of each 
critical word is given in brackets before the sentences The noun following each sentence pair is given in 
capitals 
BLOED 
(100) De meeste skispullen liggen op zolder ingepakt in grote dozen 
(0) De meeste skispullen liggen op bed ingepakt in grote dozen 
VRAAG 
(100) De buurman brouwt sinds kort zijn eigen bier in de garage 
(0) De buurman brouwt sinds kort zijn eigen drank in de garage 
BALLET 
(95 8) Opa vertelde een spannend verhaal aan zijn oudste kleinzoon 
(4 2) Opa vertelde een spannend sprookje aan zijn oudste kleinzoon 
BALLON 
(917) Annette sprong over de brede sloot om haar zusje te helpen 
(4 2) Annette sprong over de brede gracht om haar zusje te helpen 
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BOEK 
(917) De gevaarlijke dieren zitten in een kooi op voedsel te wachten 
(8 3) De gevaarlijke dieren zitten in een hok op voedsel te wachten 
DEKSEL 
(91 7) Hier broeden heel veel vogels m het vroege voorjaar 
(4 2) Hier broeden heel veel kieviten in het vroege voorjaar 
KOORTS 
(917) De ober hielp de lastige klant met veel geduld 
(4 2) De ober hielp de lastige gasten met veel geduld 
EMOTIE 
(917) De flatbewoner zit graag op het balkon als de zon schijnt 
(4 2) De flatbewoner zit graag op het bankje als de zon schijnt 
MUSEUM 
(87 5) De kinderen drinken elke dag melk bij het ontbijt 
(4 2) De kinderen drinken elke dag limonade bij het ontbijt 
MAALTIJD 
(87 5) De radio werd verpakt in een doos met een lint er omheen 
(8 3) De radio werd verpakt in een papiertje met een lint er omheen 
NAALD 
(87 5) De man koopt iedere ochtend een krant in de supermarkt 
(8 3) De man koopt iedere ochtend een brood in de supermarkt 
OORZAAK 
(87 5) De grote collectie moderne kunst is van een njke verzamelaar 
(4 2) De grote collectie moderne muziek is van een njke verzamelaar 
OORLOG 
(87 5) De koetsier zorgt goed voor de paarden van de prinses 
(4 2) De koetsier zorgt goed voor de koets van de prinses 
PAPIER 
(87 5) Het snoepje bleef in de keel van Marcel steken 
(8 3) Het snoepje bleef in de mond van Marcel steken 
ZEEP 
(83 3) De expositie werd in de grote zaal naast het stadhuis gehouden 
(12 5) De expositie werd in de grote kerk naast het stadhuis gehouden 
RIMPEL 
(83 3) De vrome jongen ging het klooster in op zijn achttiende verjaardag 
(8 3) De vrome jongen ging het leger in op zijn achttiende verjaardag 
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SCHAAR 
(83 3) De zakenman droeg een mooi gnjs pak onder zijn regenjas 
(4 2) De zakenman droeg een mooi gnjs overhemd onder zijn regenjas 
RITME 
(83 3) De voorzitter werd ontslagen door het bestuur op verdenking van corruptie 
(4 2) De voorzitter werd ontslagen door het parlement op verdeing van corruptie 
ROZIJN 
(79 2) De jongen maakte een dreigende beweging met zijn hand naar de woedende man 
(8 3) De jongen maakte een dreigende beweging met zijn mes naar de woedende man 
SCHEP 
(79 2) De verhuizer zette het schilderij tegen de muur van de woning 
(4 2) De verhuizer zette het schilderij tegen de gevel van de woning 
SCHRIJVER 
(75) De voetballers namen deel aan het grote toernooi tijden de paasdagen 
(4 2) De voetballers namen deel aan het grote banket tijdens de paasdagen 
SERIE 
(75) Meer dan duizend arbeiders werken in de moderne fabriek tegenover het station 
(12 5) Meer dan duizend arbeiders werken in de moderne industrie tegenover het station 
SLEE 
(75) Jenny stopte hel snoepje in haar mond na afloop van de voorstelling 
(16 7) Jenny stopte het snoepje in haar zak na afloop van de voorstelling 
WTEL 
(75) Er staat een lange nj voor het loket van de sociale dienst 
(8 3) Er staat een lange nj voor hel gebouw van de sociale dienst 
HEMEL 
(75) De baby lag heerlijk te slapen in de wieg onder haar dekentje 
(4 2) De baby lag heerlijk te slapen in de tuin onder haar dekentje 
STORM 
(75) De dief kwam het huis binnen via het raam aan de achterzijde 
(26 6) De dief kwam hel huis binnen via hel balkon aan de achterzijde 
DAL 
(70 8) Ehne lijmde de kapotte vaas met een nieuw soort lijm 
(8 3) Eline lijmde de kapotte theepot met een nieuw soort lijm 
WINST 
(70 8) Omdat ze te laat was kreeg Manon straf van haar vader 
(4 2) Omdat ze te laat was kreeg Manon huiswerk van haar vader 
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REIGER 
(70 8) De fiels staat tegen de muur van het huis 
(4 2) De fiets staat tegen de deur van het huis 
JEUGD 
(70 8) Woedend trapte Hans een gat in de deur van de buren 
(8 3) Woedend trapte Hans een gat in de schutting van de buren 
AKTIE 
(70 8) De bruine boterham is belegd met kaas en verse worst 
(4 2) De bruine boterham is belegd met stroop en verse worst 
BAARD 
(70 8) In bedrukte stemming stonden de mannen rond het graf van de president 
(4 2) In bedrukte stemming stonden de mannen rond het standbeeld van de president 
BOTER 
(70 8) De kleine muis kroop vlug in het holletje onder het dressoir 
(4 2) De kleine muis kroop vlug in het nest onder het dressoir 
KNOP 
(66 7) Jeroen stal een groot aantal staven goud uit de kluis van de bank 
(0) Jeroen stal een groot aantal staven goud uit de kelder van de bank 
BEDRIJF 
(66 7) Ik ga meestal naar dezelfde kapper als mijn vriendin 
(8 3) Ik ga meestal naar dezelfde film als mijn vriendin 
OLIE 
(66 7) Jan had een gal in zijn broek na zijn sprong over het hek 
(8 3) Jan had een gat in zijn hoofd na zijn sprong over het hek 
KACHEL 
(62 5) De student vond een geschikte kamer bij een vriendelijke hospita 
(8 3) De student vond een geschikte vriendin bij een vriendelijke hospita 
HERTOG 
(62 5) De timmerman kreeg van zijn baas een groot compliment 
(4 2) De timmerman kreeg van zijn vader een groot compliment 
HOOI 
(62 5) Voor de reparatie van haar fiets moest Miriam veel belalen 
(4 2) Voor de reparatie van haar horloge moest Minam veel betalen 
ORKEST 
(58 3) De moeder kreeg een lange bnef van haar dochter over haar vakantie 
(8 3) De moeder kreeg een lange brief van haar vriendin over haar vakantie 
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MOLEN 
(58 3) Met een flinke zwaai gooide Wilma haar tas op tafel toen ze thuis kwam 
(25) Met een flinke zwaai gooide Wilma haar las op straat toen ze thuis kwam 
PREEK 
(54 2) De schilder heeft met veel gevoel voor kleur het landschap vastgelegd 
(0) De schilder heeft met veel gevoel voor nuance het landschap vastgelegd 
LIJN 
(54 2) Na aankomst droeg de vrouw de zware koffer het hotel binnen 
(4 2) Na aankomst droeg de vrouw de zware kist het hotel binnen 
TOP 
(54 2) De kinderen vormden een kring bij de boom op hel schoolplein 
(8 3) De kinderen vormden een rij bij de boom op het schoolplein 
MAND 
(54 2) De vader gaf zijn jange dochter een kadootje op haar achttiende verjaardag 
(12 5) De vader gaf zijn jange dochter een zoen op haar achttiende verjaardag 
OCEAAN 
(54 2) De jongen vroeg de politie om hulp bij het oversteken 
(4 2) De jongen vroeg de politie om advies bij het oversteken 
PLANEET 
(54 2) Het meisje op de schommel roept haar moeder om te komen kijken 
(4 2) Het meisje op de schommel roept haar vriend om te komen kijken 
POLS 
(50) Hel was moeilijk om het eiland te bereiken vanwege de storm tijdens de kerstdagen 
(4 2) Het was moeilijk om het eiland te bereiken vanwege de drukte tijdens de kerstdagen 
PUDDING 
(50) Stef bedacht een mooi plan voor zijn vakantie m Frankrijk 
(4 2) Stef bedacht een mooi doel voor zijn vakantie in Frankrijk 
REGEN 
(50) De op de veiling aangeboden antieke klok is van een miljonair 
(4 2) De op de veiling aangeboden antieke stoel is van een miljonair 
DEBAT 
(50) Nederlanders drinken overdag veel koffie om wakker te blijven 
(8 3) Nederlanders drinken overdag veel thee om wakker te blijven 
SCHADUW 
(45 8) Anne kraste haar naam met haar pen in de houten deur 
(4 2) Anne kraste haar naam met haar kam in de houten deur 
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SIERAAD 
(45 8) Een vliegje in mijn oog bezorgde mij veel overlast 
(4.2) Een vliegje in mijn neus bezorgde mij veel overlast 
PAAL 
(45.8) Er wordt een nieuwe brug gemaakt bij de rivier door de provincie 
(4 2) Er wordt een nieuwe brug gemaakt bij de snelweg door de provincie 
TAPIJT 
(45 8) De plastic emmer zit vol met water voor de plantjes 
(8.3) De plastic emmer zit vol met zand voor de plantjes 
KANEEL 
(45 8) In de hotelkamer ligt een bijbel op het nachtkastje 
(4 2) In de hotelkamer ligt een foto op het nachtkastje 
GRENS 
(45 8) De spoorlijn loopt dwars door het dorp en de omliggende weilanden 
(8 3) De spoorlijn loopt dwars door het bos en de omliggende weilanden 
SUIKER 
(45 8) Zwemmem in de vijver van het park is al heel lang verboden 
(4 2) Zwemmen in de vijver van hel stadhuis is al heel lang verboden 
STAF 
(45.8) De kinderen spelen graag in de tuin van het oude kasteel 
(4 2) De kinderen spelen graag in de fontein van het oude kasteel 
TRAAN 
(45 8) Jan trapte per ongeluk op mijn teen tijdens het spelen 
(4.3) Jan trapte per ongeluk op mijn marmot tijdens het spelen 
5 
UNDERSTANDING WORDS IN SENTENCE CONTEXTS: 
THE TIME COURSE OF AMBIGUITY RESOLUTION (II) 
It has been proposed that language comprehension problems in Broca's aphasia are 
partly due to a deficit in automatically accessing representations in the semantic 
lexicon (Baum, 1989; Milberg, Blumstein, & Dworeztky, 1987; Milberg, Blumstein, 
Katz, Gershberg, & Brown 1995; Swinney, Zurif, & Nicol, 1989). However, recent 
evidence suggests that this might not be the case, and that instead these patients have 
an impairment in the rapid integration of lexical information into a higher order 
representation of the preceding context (Brown, Hagoort, & Swaab, in press; Hagoort, 
1990,1993; Hagoort, Brown, & Swaab, in press; Swaab, Brown, & Hagoort, in press; 
Tyler, Ostrin, Cooke, & Moss, 1995). The present study will further address the 
question of whether comprehension deficits in Broca's aphasia are related to a delay 
in the process of lexical integration by examining the time course of ambiguity 
resolution in sentence context. 
As has been discussed in detail in the previous Chapter, in studies of normal 
language comprehension, ambiguous words (e.g. "bank") have been used as a tool to 
discriminate between modular and interactive theories of the language comprehension 
system (see also: Simpson, 1994). Most of the studies on ambiguity resolution have 
asked the following question: To what extent does the higher order context 
representation influence the recognition of a word? The answer to this question is still 
a matter of debate. Evidence has been obtained for both context-independent (or 
modular), and context-dependent (or interactive) views. In support of the context 
independent models is the finding that both meanings of ambiguous words are 
activated, irrespective of sentence context (e.g., Conrad, 1974, Onifer & Swinney, 
1981; Seidenberg, Tanenhaus, Leiman, & Bienkowski, 1982; Swinney, 1979), or that 
regardless of context the most frequent meaning of the ambiguity is accessed first 
(e.g., Hogaboam & Perfetti, 1975; Rayner & Frazier, 1989; Tabossi, Colombo, & Job, 
1987; Tabossi, 1988). Other studies have found activation for only the contextually 
appropriate meaning (e.g., Glucksberg, Kreuz, & Rho, 1986; Oden, & Spira, 1983; 
Simpson, 1981; Tabossi et al., 1987), providing evidence for the context dependent 
view. The ERP results for the young neurologically unimpaired subjects in the 
previous Chapter seem to support the view that meaning dominance does play a role 
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in the speed of the selection process While the selection of the dominant meaning was 
well under way after a 100 ms, the selection of the subordinate meaning was not 
Ambiguity resolution in sentence contexts has also been studied in aphasie patients 
The aim of these studies was to investigate whether aphasie patients are able to access 
both the dominant and the subordinate meanings of ambiguous words, and/or whether 
the time course of the activation/selection processes were slowed down I will now 
discuss the results of these studies 
Using a cross-modal lexical decision paradigm, Swinney, Zunf, & Nicol 
(1989) showed that Broca's aphasies, in contrast to normal control subjects and 
Wernicke's aphasies, had faster reaction times (RTs) only to target words that were 
related to the most frequent meaning of ambiguous words This was true even when 
the preceding sentence context biased the alternative, less frequent, meaning They 
concluded from this study that Broca's aphasies either fail to exhaustively access word 
meanings (ι e, they cannot access the subordinate meaning), or alternatively, that "the 
lexical module operates on a slower-than-normal rise time" in these patients Because 
Swinney et al (1989) presented the visual target only at the offset of the auditorily 
presented ambiguous word, they were unable to distinguish between these two 
hypotheses 
The second hypothesis that was proposed by Swinney et al (1989) was 
investigated by Prather, Love, Finkel, & Zunf (1994) They used an Inter Stimulus 
Interval (ISI) of 1500 ms between the ambiguous word and the target, also in a cross 
modal paradigm In their study the sentence context always biased for the dominant 
meaning of the ambiguous word, and they found no evidence for the activation of the 
infrequent meaning in five Broca's aphasies However, given the results m normal 
young subjects (eg , Onifer & Swinney, 1981, Seidenbcrg et al, 1982, Swinney, 
1979, Chapter 4 of this thesis), if the sentence context biases the dominant meaning 
of the ambiguous word, no activation of the subordinate meaning was to be expected, 
because at this time interval the contextual selection process is completed, which 
means that the dominant meaning has been integrated, and the subordinate meaning 
has decayed or has been suppressed Therefore, these results are inconclusive with 
respect to the activation of the infrequent meaning of ambiguous words 
Based on studies that varied the interval of silence between ambiguity and 
target word, with ambiguous words presented in different kinds of biasing sentential 
contexts, Hagoort (1990) argued that Broca's aphasies are able to access both the 
dominant and the subordinate meanings of ambiguous words, but that they are delayed 
in using the sentence context to select the contextually appropriate meaning He 
presented subjects with sentences in three context conditions followed by a target 
word In the concordant context, the targets were related to the meaning of the 
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sentence-final ambiguous word that was biased by the sentence In the discordant 
context, the sentence biased the alternative meaning of the sentence-final ambiguous 
word This meaning was unrelated to the target Finally the unrelated context ended in 
an unambiguous word that was unrelated to the target The target word could either be 
related to the dominant, or the subordinate meaning of the sentence-final ambiguous 
word Twelve normal controls, and twelve aphasie patients (nine Broca's aphasies, and 
three Wernicke's aphasies) were asked to make lexical decisions to these target words 
The results showed that both the normal controls and the Broca's aphasies had faster 
reaction times to the contextually appropriate than to the unrelated targets However, 
whereas the normal controls showed no overall RT-difference between the unrelated 
and the discordant targets after an ISI of 100 ms, in contrast the patients showed a 
clear difference between these conditions The aphasie patients made faster lexical 
decisions to the targets in the discordant than to the targets in the unrelated condition 
This facilitation effect indicates that the alternative meaning of the lexically ambiguous 
word that was not biased by the sentence context (the contextually inappropriate 
meaning) was not (yet) suppressed in these patients, or in other words, that the 
contextual selection was not yet completed after 100 ms Only after 750 ms did the 
difference between the unrelated and the discordant condition disappear for the 
Broca's aphasies These results indicate that the normal controls had completed the 
contextual selection process after 100 ms, but that the aphasie patients needed more 
time Hagoort (1990) proposed that this delay in contextual selection was due to a 
delay in the integration of lexical meanings into an overall message representation of 
the preceding sentence context 
In the present study, the possibility that comprehension problems in Broca's aphasia 
are due lo a delay in the integration of lexical meanings into an overall message 
representation is further tested in a similar paradigm as the Hagoort (1990) study 
However, instead of measuring RTs in a lexical decision experiment, in the present 
study subjects are asked to listen attentively to the sentences and the target words, 
while their EEG is recorded The major focus of the experiment is on changes in the 
amplitude of the N400 to auditorily presented target words The ISI between the offset 
of the sentence-final word and the onset of the target is varied m two versions of the 
experiment In the short version the ISI is 100 ms, and in the long version it is 1250 
ms The pattern of results for Broca's aphasies is compared to a group of 
neurologically unimpaired elderly controls 
In contrast to the Hagoort (1990) study, in the present study the target words 
are always related to the subordinate or less frequent meaning of the ambiguous words 
This was done because Swinney et al (1989) and Prather et al (1994) have suggested 
that Broca's aphasies have a selective deficit in processing the subordinate meaning 
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of ambiguous words 
Based on the results from Hagoort (1990), the elderly controls are expected to have 
selected the appropriate meaning of the ambiguous words in both the short and the 
long ISI version of the experiment This means that they have quickly matched both 
meanings of the ambiguous word agamst the sentence context, and that they have 
successfully integrated the contextually appropriate meaning of the ambiguous word, 
and that the contextually inappropriate meaning is decayed or has been suppressed If 
this is the case, a reduction of the N400 to the targets m the concordant relative to the 
unrelated and the discordant conditions is expected, but no reduction of the amplitude 
of the N400 to the targets in the discordant relative to the unrelated condition 
Dependent upon their deficit, different patterns of results can be expected for 
the aphasie patients If Broca's aphasies are unable to access the subordinate meaning 
of ambiguous words (Swinney et al, 1989), then no reduction of the N400 amplitude 
to targets in the concordant relative to the unrelated condition is expected at either of 
the ISIs However, if the activation of the subordinate meanings of ambiguous words 
has a slower-than-normal rise time in these patients (Swinney et al, 1989), then the 
N400 amplitude to targets in the concordant condition might only be reduced relative 
to the unrelated condition in the long ISI version Alternatively, if these patients are 
delayed in the suppression of the contextually inappropriate meaning of the ambiguity 
(Hagoort, 1990), then the N400 to the targets in the discordant condition will be 
clearly reduced relative to the unrelated condition in the short, but not in the long ISI 
No RH-control subjects were tested in the present study Instead, the same subject 
groups (normal controls, and Broca's aphasies) were tested in the two ISI versions 
This made within-subject comparisons of the N400 effects in the different context 
conditions for the two ISI versions possible Under such circumstances, changes in the 
N400 amplitude between the two ISI versions in aphasie patients would be attributable 
to their aphasia, and not to an overall reduction of N400 amplitude as an aspecific 
result of their brain damage 
To further determine whether possibly abnormal N400 effects in the Broca's 
aphasies can be related m a meaningful way to their specific comprehension deficit, 
and not to their brain damage per se, two additional control measurements were done 
First, as in Chapters 2 and 3, the subjects in the present study were tested in a classical 
oddball paradigm A dissociation between possible changes in the N400 effects and 
the P300 effects of the aphasie patients will support the conclusion that changes in the 
N400 effects are related to their linguistic deficit Second, the N400 to the targets in 
the lexical ambiguity conditions was compared to a standard N400 effect This 
comparison was made possible by adding two control conditions to the language 
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experiment In these control conditions, subjects were presented with pairs of 
sentences that contained either high- or low cloze probability words in mid-sentence 
position The sentences in each pair were identical with the exception of the critical 
noun, for example high cloze condition "Jenny puts the candy ¡n her mouth and 
walks to school ", low cloze condition "Jenny puts the candy m her pocket and 
walks to school " The N400 was measured to the critical nouns in both conditions 
For the normal control subjects, a reduction of the amplitude of the N400 to 
the high cloze words relative to the low cloze words is expected, since the high cloze 
words are more easily integrated into the higher order context representation of the 
preceding context (Hagoort & Brown, 1994) For the Broca's aphasies, in accordance 
with the results m Chapter 3, a delay m the integration of lexical information is 
expected to influence the N400 effect to the critical words m sentence medial position 
As in Chapter 3, relative to the normal controls, the Broca's aphasies m the present 
study will most likely show a delay and/or reduction of their N400 effect in these 
control conditions 
METHOD 
Subjects 
A group of twelve elderly controls and a group of twelve aphasie subjects participated 
in this experiment The testing procedures were approved by the ethical committee of 
the Nijmegen Academic Hospital All the subjects gave informed consent The elderly 
control subjects were paid for their participation, and were approximately matched 
with the aphasie patients in age and level of education All the control subjects were 
right handed according to an abridged version of the Oldfield Handedness Inventory 
(Oldfield, 1971) Two of them reported familial left handedness The aphasie patients 
were all premorbidly right handed According to the responses on a second 
questionnaire, none of the elderly control subjects had any known neurological 
impairments or used any neuroleptics None of the control subjects reported hearing 
loss or memory problems All patients were tested with the standardized Dutch version 
of the Aachen Aphasia Test (AAT) (Graetz, de Bleser, & Willmes, 1991) Time of 
administration was at least six months post onset Both the presence and the type of 
aphasia were diagnosed on the basis of their AAT-results and on the basis of a 
transcribed sample of their spontaneous speech All patients were diagnosed as Broca's 
aphasies According to their scores on the comprehension subtest of the AAT, aphasie 
patients varied in the seventy of their comprehension deficit between very mild and 
severe Table 1 summarizes the relevant information for the aphasie patients 
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Table 1 summarizes information on age, gender, scores on the Token Test, performance on the AAT 
subtest on comprehension, and lesion volume of the aphasie patients The mean age for the normal control 
subjects was 62 years (range 50 - 72), for the patients it was 56 years (range 29-71) 
Patient 
01 Broca HI 
02 Broca LO 
03 Broca Hl 
04 Broca LO 
05 Broca HI 
06 Broca LO 
07 Broca LO 
08 Broca Ш 
09 Broca LO 
10 Broca HI 
11 Broca LO 
12 Broca HI 
Age 
42 
62 
67 
37 
48 
71 
69 
73 
44 
55 
74 
29 
Sex 
m 
m 
m 
f 
f 
m 
m 
f 
m 
m 
f 
m 
Token 
Test* 
17 
38 
24 
45 
10 
34 
50 
7 
41 
13 
20 
24 
Overall 
Comp 
Score 
AAT** 
94/120 
67/120 
105/120 
74/120 
97/120 
65/120 
90/120 
108/120 
65/120 
98/120 
87/120 
93/120 
Sent 
Comp 
Score 
AAT 
35/60 
27/60 
53/60 
31/60 
46/60 
28/60 
44/60 
53/60 
32/60 
55/60 
42/60 
45/60 
Audit 
Comp 
Score 
AAT 
45/60 
39/60 
51/60 
41/60 
49/60 
37/60 
46/60 
52/60 
33/60 
49/60 
41/60 
47/60 
Lesion 
Vol *** 
59 60 
120 90 
13 80 
16 95 
— 
72 90 
104 50 
127 10 
21905 
49 55 
— 
141 85 
* Seventy of disorder as indicated by the Token Test no/very mild disorder (0-6), light (7-23), middle (24-
40), severe (>40) 
** Seventy of comprehension disorder as indicated by the AAT subtest Comprehension (includes word 
and sentence comprehension in both auditory and visual modality) severe (1-66), middle (67-89), light 
(90-106), no/very mild disorder (107-120) 
Ranges of seventy are based on the norms of the Dutch version of the AAT 
*** Lesion volume in cc Lesion volume was calculated by using a CT-reconstruction program (see 
Knight et al, 1988 for detail) 
Figure 1 gives the averaged CT-lesion data for the eleven patients for whom adequate 
CT information was available The averaged lesion is centered in the postenor frontal 
lobe, somewhat superior to Broca's area This area has overlap of lesion in about 80% 
of the cases 
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AVERAGED LESIONS 
ACROSS PATIENTS 
0% 50% 100% 
Figuie 1 Lesion extent in the Broca's aphasies Lesions determined by available CT-scans from 
individual patients were transenbed onto 0° to canthomeatal line templates These lesion data were then 
read into a reconstruction program The digitized data were averaged to generate the group lesion 
densities The 11 lines through the lateral reconstruction indicate 11 axial sections The scale indicates the 
percentage of patients having involvement ofthat brain region Lesions were averaged over 11 patients 
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Stimuli 
In this experiment a subset of the sentences that are described in Chapter 4 were used. 
The elderly controls and the Broca's aphasies were tested on the set of 50 subordinate 
items and the 120 control sentences. The 12 startup items, 19 practice sentences and 
the questionnaire were identical to the materials that were used in the experiments 
discussed in the previous Chapter. 
This reduced set of 282 stimulus sentences (3 X 50 test, 120 control, 12 
starters) was divided into three new experimental blocks. Each block began with 4 
starters. All the sentences were distributed over the blocks, so that none of the target 
words occurred more than once per block. The distribution of the items in each block 
was again randomized. The order of the blocks was counterbalanced, resulting in three 
presentation versions Each subject was assigned to one of the three presentation 
versions, so that there were four normal control subjects and four Borca's aphasies per 
version. 
Seven new audio tapes were constructed, using the materials that were stored 
in the VAX 750 computer (see Chapter 4). Three tapes contained the experimental 
blocks in the ISI=100 ms version, and three tapes contained the experimental items m 
the ISI=1250 ms version. Two tapes contained the practice items, one for the short ISI 
version, and one for the long ISI version. 
In addition to the test tapes with the sentence stimuli, a digital audio tape was 
constructed with tones. This tape contained 300 tones, 60 tones of 1 kHz and 240 
tones of 2 kHz The tones were presented in a random order with a frequency of one 
per second, and a duration of 20 ms A trigger pulse was placed 150 ms before the 
onset of each tone. The 300 experimental tones were preceded by a practice set of 50 
tones, 10 tones of 1 kHz, and 40 tones of 2 kHz, to familiarize the subjects with the 
stimuli and the task. 
Procedure 
The subjects were tested individually in a dimly illuminated sound-attenuating booth, 
seated in a comfortable reclining chair. One patient was tested in his wheelchair 
Subjects were instructed to move as little as possible and to keep their eyes fixated on 
a point at eye level With respect to blinks no instruction was given (blinks were 
corrected with an off-line procedure described by Gratton, Coles, and Donchin 
(1983)). Instructions and stimulus presentation were identical to those for the young 
controls described in Chapter 4. 
All the subjects were tested in two sessions of about 2.5 hours, one session 
for each ISI version, separated by at least 3 weeks The duration of the stimulus 
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presentation was 61 nun in the ISI=100 version, including the practice list (3 min), the 
three experimental blocks (16 min each), and the tones (1 min for the practice list, and 
6 min for the experimental list) In the ISI=1250 version, the duration of the stimulus 
presentation was 67 minutes ( 18 min per experimental block) Each session started 
with the practice list to familiarize the subjects with the stimulus situation, and to tram 
them to fixate their eyes If necessary, the practice list was repeated for the patients 
About every three minutes a question was asked about the contents of a control 
sentence, and in addition, the subjects were asked to repeat the word that followed the 
sentence that was questioned This was done to establish that the subjects were 
listening attentively to the sentences The answer was written down by the 
experimenter If necessary, a short break was given after asking a question All the 
subjects were given a break of about 10 min after each experimental block, and before 
the tone oddball After the three experimental blocks the experimenter asked the 
subjects what aspects of the experiment were noticeable to them, and iheir answers 
were written down The practice session of the tone oddball was used to established 
whether patients were able to silently count the low tones Four patients were unable 
to count For these subjects it was established during the practice session that they 
could discriminate high versus low tones (by raising their hand), and they were 
instructed to listen attentively without an additional task 
EEG-recording 
The EEG recording procedure was the same as described m Chapter 4 
RESULTS 
First the N400 results will be presented for the linguistic control conditions, and for 
the lexical ambiguity conditions, for the ISI=100 ms and the ISI=1250 ms versions 
separately, and for both ISI versions compared in one analysis Then the P300 effects 
will be presented In each section, the results will be discussed for the normal controls 
and the Broca's aphasies Because the results from the previous Chapters indicate a 
clear difference in the size of the N400 effects for the aphasie patients as a function 
of the severity of their comprehension deficit, additional analyses will be presented 
with the patients divided into a group of high comprehenders and a group of low 
comprehenders This was done on the basis of a median split of their scores on the 
comprehension subtest of the AAT The six high comprehenders had a mean 
comprehension score of 99 (s d 6 0), and for the low comprehenders it was 75 (s d 
10 7) (see Table 1 for individual subject information) Finally the individual subject 
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data, and the data on the questionnaire will be presented. 
Analysis of N400 effects 
Prior to off-line averaging, all single trial waveforms were screened for electrode 
drifting, amplifier blocking, muscle artifacts, eye movements, and blinks. This was 
done over a 2000 ms epoch, starting 150 ms before the targets in the experimental 
sentences (in the different context conditions), and the control sentences (the high and 
low cloze words). Trials containing such artifacts were rejected. However, for subjects 
with a substantial number of blinks, those single trials that were without amplifier 
blocking were corrected with a procedure described by Gratton, Coles, and Donchin 
(1983), and included in the relevant ERP averages. 
Statistical analysis were done on the mean amplitude of the N400, using repeated 
measures analysis of variance (ANOVA). The N400 effects showed a clear posterior 
distribution, both in the linguistic control conditions and in the lexical ambiguity 
conditions, and the ANOVAs were therefore done on the values of the centroparietal 
electrode sites only. When evaluating effects with more than one degree of freedom in 
the numerator, the Grcenhouse-Geisser correction was applied (Greenhouse and 
Geisser, 1959; see Winer, 1971). The adjusted degrees of freedom and ρ values will 
be presented. 
ERPs to high and low cloze words in mid-sentence position 
Average waveforms were computed over the trials that remained after artifact rejection 
for each subject over the high, and the low cloze words1. The overall rejection rate was 
22% for the normal controls, and 21% for the aphasie patients (18% for the low 
comprehenders and 24% for the high comprehenders). An ANOVA was done on the 
mean amplitude of the N400 to the high and low cloze words in the 350-600 ms 
latency window, normalized to a 150 ms baseline, with as the within-subject variables 
Cloze Probability (High Cloze vs Low Cloze) and Electrode Site (Cz, Pz, PL, PR). 
This latency window was chosen because it allows a direct comparison of the N400 
results in the high/low cloze control conditions with the N400 effects to the targets 
following the sentences in the three context conditions of the ambiguity experiment. 
The averaged waveforms for the critical words in the high and low cloze conditions are 
shown for the controls in Figure 2, and for the Broca's aphasies in Figure 3. 
1
 Since the high and the low cloze words in the mid-sentence position were not affected by the ISI 
manipulation, it was sufficient to analyze the effect of Cloze Probability over the first presentation only. 
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NORMAL CONTROLS (N=12), 
Critical Word in Mid-Sentence Position 
high cloze 
low cloze 
I 1 1 1 1 1 
0 200 400 600 800 1000 ms 
Figure 2 Grand average ERPs from the normal controls subjects (n= 12) to the low cloze (solid line) and 
high cloze (dotted line) critical words in mid-sentence position 
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BROCA'S APHASICS (N=12), 
Critical Word in Mid-Sentence Position 
AL 
PL 
4μΥ 
Pz 
1 ^ / W ^ M 
AR 
PR 
high cloze 
low cloze 
I 1 1 1 1 1 
0 200 400 600 800 1000 ms 
Figure 3 Grand average ERPs from the Broca's aphasies (n=12) to the low cloze (solid line) and high 
cloze (dotted line) critical words in mid-sentence position 
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As can be seen in Figures 2 and 3, no clear N1 and P2 components are visible in the 
waveforms for either the normal controls or the Broca's aphasies This absence is due 
to the fact that the words m both cloze conditions were embedded m the continuous 
speech stream (see also Chapter 4) Both normal controls and Broca's aphasies show 
a clear N400 effect The waveforms to the low cloze words are more negative than the 
waveforms to the high cloze words for both subject groups In both groups, the effect 
has a centropanetal distribution The normal controls show a somewhat larger effect 
over the right than over the left hemisphere Finally, the effect appears to be larger and 
to have an earlier onset in the normal controls, than in the Broca's aphasies 
For the normal controls the size of the N400 effect was -1 97 ц , and this was 
statistically significant (F(l,l 1)=11 64, MSe=7 92, p< 006) The Broca's aphasies also 
had a statistically significant N400 effect of-1 30 ц (F(l,ll)=5 88, MSe=6 86, 
p<04) 
The effect of Cloze Probability was clearly influenced by the seventy of the 
comprehension deficit In the ANOVA dividing the Broca's aphasies into a group of 
high comprehenders and a group of low comprehenders, with Group of Subjects as the 
additional factor, there was a significant Group of Subjects by Cloze Probability 
interaction (F(l,10)=6 72, MSe=4 51, p< 03) Subsequent ANOVAs for the high and 
the low comprehenders separately revealed a significant effect of Cloze Probability for 
the high comprehenders (-2 42 ц , F(l,5)=24 08, MSe=9 11, p< 005), but for the low 
comprehenders the effect was not significant (-0 17 ц , F<1) 
Analyses ofERPs to target words 
Average waveforms were computed for each subject over the trials that remained after 
artifact rejection for the targets in the three context conditions The overall rejection 
rate was 16% for the normal controls and 21% for the Broca's aphasies 16% for the 
high comprehenders and 26% for the low comprehenders First, an overall repeated 
measures ANOVA was done on the mean amplitude of the N400 in the 350-600 ms 
epoch after target onset, relative to a 100 ms pre-stimulus baseline, with as the within-
subject variables Congruency (Concordant, Discordant, Unrelated), and Electrode Site 
(Cz, Pz, PL, PR) The analysis epoch was determined on the basis of visual inspection 
of the waveforms, and it is the same window as for the young subjects in Chapter 4 
In addition to the overall repeated measures ANOVAs, planned comparisons were 
done, comparing the concordant relative to the unrelated condition, the discordant 
relative to the unrelated condition, and the concordant relative to the discordant 
condition The analyses will be reported for the short and the long ISI version 
separately Finally, an ANOVA will be reported in which the context effects m the 
short and the long ISI version were compared, with ISI as the additional factor 
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Since it has been shown for the young controls in Chapter 4 that repetition of 
the items within an ISI version did not influence the pattern of results, only ANOVAs 
on the data averaged over the three blocks will be reported 
ERPs to target words ISI=100 
Normal Controls 
The averaged waveforms for the group of 12 normal control subjects for the targets 
in each context condition are presented in Figure 4, and the mean amplitude of the 
N400 m the three context conditions is shown in Table 2 
ISI=100ms 
Context condition 
Concordant 
Discordant 
Unrelated 
Normal Controls (n=12) 
MA 
2 24 
0 42 
-0 25 
d 
-2 38 
-0 67 
Table 2 Mean Amplitude (MA) of the N400 in pV as a function of context condition in the short ISI 
version of the expcnment (ISI= 100) for the normal controls (n= 12) Differences (d) are measured relative 
to the unrelated baseline 
As is evident from Figure 4, the waveforms show small N1 and P2 components, that 
are reduced in amplitude because the ISI between sentence-final word and target was 
only 100 ms, and these components need longer ISIs to regain their full amplitude 
(Knight, Hillyard, Woods, & Neville, 1980) Overall, the P2 component is larger in 
amplitude in the concordant and discordant conditions than in the unrelated condition 
However, this difference might be due to an overlapping differential N400 (see 
Hagoort et al, in press) N1 and P2 components are followed by the N400 The N400 
has a clear centroparietal distribution The amplitude of the N400 is reduced m the 
concordant condition relative to the unrelated and discordant conditions There also 
appears to be a slight reduction of the N400 to the targets in the discordant condition 
relative to the unrelated condition The N400 is followed by a positive deflection, 
mostly over the posterior leads for all three context conditions After the 350-600 ms 
N400 window, the waveforms for the unrelated targets remain more negative than the 
waveforms for the discordant and the concordant targets, and the difference between 
the discordant and the unrelated condition becomes somewhat larger than in the N400 
window 
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ELDERLY NORMAL CONTROLS (N=12), ISI = 100 ms 
Concordant 
Discordant 
Unrelated 
- I 1 Y-
600 1200 1800 ms 
Figure 4 Grand average ERPs from the normal controls subjects (n 12) in the short (100 ms) ISI version 
to the targets in the concordant (solid line), discordant (dotted line), and unrelated (dashed line) context 
conditions in the lexical ambiguity experiment 
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An overall ANOVA was done that had Order of Presentation (block 1,2,3, block 
2,3,1, block 3,1,2) as the additional factor, with subjects nested under Order of 
Presentation There was no Order of Presentation by Congruency interaction 
(F(2,9)=l 42, MSe=5 68, p= 28), indicating that Order of Presentation had no 
influence on the results The difference between conditions was substantiated as a 
significant main effect of Congruency (F(l,9)=12 79, MSe=5 68, p< 01) 
Planned comparisons of the N400 effect in the different context conditions 
revealed a significant reduction of the N400 amplitude to the targets m the concordant 
condition relative to the unrelated condition (F(l,9)=19 24, MSe=7 09, p< 002), and 
also relative to the discordant condition (F(l,9)=12 24, MSe=5 78, p<007) The 
difference m the N400 amplitudes to the targets in the unrelated and discordant 
condition was not significant (F(l,9)=2 56, MSe=4 17, p= 14) 
Broca's Aphasies 
Figure 5 presents the average waveforms to the targets in the three context conditions 
for the group of 12 Broca's aphasies, and Table 3 shows the mean amplitude of the 
N400 m the three context conditions 
ISI=100ms 
Context condition 
Concordant 
Discordant 
Unrelated 
Broca's aphasies (n=12) 
MA 
2 79 
151 
0 19 
d 
-2 60 
-1 32 
Table 3 Mean Amplitude (MA) of the N400 in \iV as a function of context condition in the short IS1 
version of the experiment (ISI=100) for the Brocas aphasies (n=12) Differences (d) are measured relative 
to the unrelated baseline 
The N1 and P2 components for the Broca's aphasies are reduced and/or absent m the 
waveforms However, just as for the normal controls, the waveforms for the aphasie 
patients show a clear N400 that has a centroparietal distribution, and is reduced in 
amplitude to the targets in the concordant condition relative to the unrelated condition 
In contrast to the normal controls who hardly showed a reduction of the N400 
amplitude to the targets in the discordant condition relative to the unrelated condition, 
the Broca's aphasies show a substantial difference between these two conditions After 
the 350-600 ms N400 window, the unrelated condition continues to be more negative 
than the discordant and the concordant condition, and the waveforms for the discordant 
and the concordant condition start to overlap 
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BROCA'S APHASICS (N=12), ISI = 100 ms 
Concordant 
Discordant 
Unrelated 
I 1 1 1 1 1 Ι­
Ο 600 1200 1800 ms 
Figure 5 Grand average ERPs from the Broca' s aphasies (n= 12) in the short ( 100 ms) ISI version to the 
targets in the concordant (solid line), discordant (dotted line), and unrelated (dashed line) context 
conditions in the lexical ambiguity experiment 
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The overall ANOVA on the mean amplitude of the N400 to the targets in the different 
context conditions revealed that Order of Presentation did not interact with 
Congruency (F<1), and that the main effect of Congruency was significant 
(F(l,9)=14 04, MSe=5 78, p<01) Just as for the normal controls, the N400-
amplitude to the targets in the concordant condition was significantly reduced relative 
to the unrelated condition (F(l,9)=19 56, MSe=8 30, p< 002), and the discordant 
condition (F(l,9)=8 00, MSe=4 91, p< 01) But importantly, in contrast to the normal 
controls the difference between the discordant and the unrelated condition was 
significant as well (F(l,9)=10 14, MSe=4 13, p< 02) 
High vs Low Comprehenders 
The ANOVA with Group of Subjects (high comprehenders, low comprehenders) as 
the additional factor revealed that there was no significant Group of Subjects by 
Congruency interaction (F<1) This indicates that the seventy of the comprehension 
deficit had no clear influence on the pattern of results Therefore, no additional 
analyses were done for the group of high and the group of low comprehenders 
separately 
In conclusion, these statistical analyses have shown that both for the normal controls 
and for the Broca's aphasies the N400 amplitude to targets in the concordant condition 
was reduced relative to the unrelated and the discordant conditions However, in 
contrast to the normal controls the patients showed a clear difference between the 
unrelated and the discordant condition as well Finally, the pattern of results for the 
high comprehenders was not different from that of the low comprehenders 
ERPs to tar set words ISI=1250 
The artifact rejection and the analyses of variance were done according the procedures 
that were described for the short ISI version The overall rejection rate was 22% for 
the normal controls, and 23% for the Broca's aphasies, 20% for the high 
comprehenders, and 25% for the low comprehenders 
Normal controls 
The averaged waveforms for the twelve normal controls for the targets the three 
context conditions are shown in Figure 6 The mean amplitude of the N400 in the three 
context conditions is shown in Table 4 As can be seen in Figure 6, with an ISI of 1250 
ms the waveforms now show clear N1 and P2 components These components are 
followed by the N400, that is larger over centropanetal leads The amplitude of the 
N400 to the targets in the concordant condition is reduced relative to the unrelated 
condition The N400 to the targets in the discordant and the unrelated conditions are 
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initially on top of each other, but after about 550 ms they start to diverge. After the 
350-600 ms N400 epoch the waveforms for the unrelated condition remain more 
negative than those for the discordant and the concordant conditions. 
ISI=1250 ms 
Context condition 
Concordant 
Discordant 
Unrelated 
Normal Controls (n=12) 
MA 
0.16 
-1 34 
-1.79 
d 
-1 95 
-0.46 
Table 4 Mean Amplitude (MA) of the N400 in μ ν as a function of context condition in the long ISI 
version of the experiment (ISI=1250) for the normal controls (n=12) Differences (d) are measured 
relative to the unrelated baseline 
An overall ANOVA on the mean amplitude of the N400 showed that Order of 
Presentation did not interact with Congruency (F<1). A significant main effect of 
Congruency was obtained (F( 1,9)= 17.23, MSe=2.90, p<01). Planned comparisons 
showed a significant reduction of the amplitude of the N400 in the concordant relative 
to both the unrelated condition (F(l,9)=33.62, MSe=2.71, p<0002), and the 
discordant condition (F(l,9)=15 17, MSe=3.53, p<004). There was no significant 
difference in the N400 amplitude to targets in the discordant and the unrelated 
condition (F(l,9)=2.03, MSe=2.44, p< 19). 
Broca's aphasies 
The averaged waveforms for the twelve Broca's aphasies for the targets in the three 
context conditions are shown in Figure 7, and the mean amplitude of the N400 in the 
three context conditions is shown in Table 5. 
ISI=1250 ms 
Context condition 
Concordant 
Discordant 
Unrelated 
Broca's aphasies (n=12) 
MA 
0 37 
-1 34 
-1.13 
d 
-1 50 
-Ю21 
Table 5 Mean Amplitude (MA) of the N400 in μ ν as a function of context condition in the long ISI 
version of the experiment (ISI=1250) for the Broca's aphasies (n=12). Differences (d) are measured 
relative to the unrelated baseline 
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ELDERLY NORMAL CONTROLS (N=12), ISI = 1250 ms 
Concordant 
Discordant 
Unrelated 
I 1 1 1 1 1 Ι­
Ο 600 1200 1800 ms 
Figure 6 Grand average ERPs from the normal controls subjects (n=12) in the long (1250 ms) ISI 
version to the targets in the concordant (solid line), discordant (dotted line), and unrelated (dashed line) 
context conditions in the lexical ambiguity experiment 
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BROCA'S APHASICS (N=12), ISI = 1250 ms 
5μΥ 
'АУ\>^А^ 
/
Аі
л\^л^/·^ 
Concordant 
Discordant 
Unrelated 
I 1 1 1 1 1 Ι­
Ο 600 1200 1800 ms 
Figure 7 Grand average ERPs from the Broca's aphasies (η 12) in the long (1250 ms) ISI version to 
the targets in the concordant (solid line) discordant (dotted line), and unrelated (dashed line) context 
conditions in the lexical ambiguity experiment 
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Compared to the normal controls, the N1 and P2 components in the target waveforms 
for the Broca's aphasies are reduced (see Figures 6 and 7) But, just as the normal 
controls, the patients show a clear N400 component with a centropanetal maximum 
As in the short ISI version of the experiment, and comparable to the normal controls, 
the amplitude of the N400 to the targets m the concordant condition was reduced 
relative to the unrelated and discordant conditions Importantly, and in contrast to the 
short ISI version, the N400 to the unrelated and the discordant conditions mostly 
overlapped 
The overall ANOVA showed that Order of Presentation had no significant 
influence on the pattern of results (Order of presentation X Congruency F<1 ) As for 
the normal controls a significant effect of Congruency was obtained (F(l,9)=5 84, 
MSe=7 16, p< 02) Planned comparisons revealed a marginally significant difference 
between the concordant and the unrelated condition (F(l,9)=4 84, MSe=ll 16, 
p= 055), and a significant difference between the concordant and the discordant 
condition (F(l,9)=17 78, MSe=3 96, p< 003) But, in contrast to the short ISI, there 
was no longer a difference in the amplitude of the N400 to the targets in the discordant 
and the unrelated condition (F<1) 
High vs Low comprehenders 
The ANOVA with Group of Subjects (high comprehenders, low comprehenders) as 
the additional factor revealed that just as in the short ISI version, there was no 
significant Group of Subjects by Congruency interaction (F(l,10)=2 85, MSe=5 20, 
p> 05) This indicates that the pattern of results was comparable for the high and the 
low comprehenders, and therefore, no additional analyses were done for the group of 
low comprehenders and the group of high comprehenders separately 
In conclusion, the statistical analyses at the long ISI again show a clear reduction of 
the N400 amplitude to the targets in the concordant relative to the unrelated and the 
discordant conditions for the normal controls as well as for the Broca's aphasies For 
the normal controls, there was no difference between the unrelated and the discordant 
condition in the N400 epoch Importantly, and in contrast with their results at the short 
ISI, the Broca's aphasies did not show a reduction of the amplitude of the N400 to the 
targets in the discordant relative to the unrelated condition either The pattern of results 
was comparable for the high and the low comprehenders 
ERPs to tarset words Comparison of]SI=100 with ISI=1250 
Normal Controls 
The ANOVA comparing the results for the different context conditions in the two ISI 
versions showed that there was no ISI by Congruency interaction in any of the 
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comparisons for the normal controls (unrelated - concordant F<1, unrelated -
discordant F<1, discordant - concordant F<1) In other words, there was no clear 
change in the pattern of results over time 
Broca's aphasies 
For the Broca's aphasies, there was a significant ISI by Congruency interaction for the 
N400 effect in the comparison of the unrelated and the discordant condition 
(F(l,22)=6 39, MSe=4 41, p< 02), while this interaction was not significant for the 
other comparisons (unrelated - concordant F(l,22)=l 64, MSe=8 83, p= 21, 
discordant - concordant F<1) 
This significant interaction supports the claim that, for the Broca's aphasies, there was 
a clear change over time in the decay or suppression of the contextually inappropriate 
meaning This meaning had not yet decayed or was not suppressed m the short ISI 
version of the experiment In the long ISI version, however, its activation had 
disappeared In this respect, the Broca's aphasies clearly deviated from the normal 
controls 
Analysis ofP300 effects 
Artifact rejection and correction procedures were identical to those that were described 
earlier for the N400, except that for the P300 the whole sampling epoch (1000 ms) 
was screened for artifacts The overall rejection rate was 21% for the normal controls, 
and 9% for the Broca's aphasies (9% for the high comprehenders and 9% for the low 
comprehenders) 
Average waveforms were computed for each subject for the 60 randomly 
selected high tones (standards), and for 60 low tones (oddballs) Repeated measured 
ANOVAs were done for each subject group separately on the mean amplitude of the 
P300 in the 250-500 ms epoch after stimulus onset, relative to a 150 ms pre-stimulus 
baseline The factors that entered each analysis were Subjects, Tone Probability (High 
vs Low), and Electrode Site (Cz, Pz, PL, PR) 
Normal Controls 
Since one subject was not available for further participation, only 11 subjects were 
tested in the tone oddball experiment The average waveforms for these subjects are 
shown in Figure 8 This figure shows frontally distributed N1 and P2 components and 
a large P300 component to the oddball tones, with a characteristic centropanetal 
distribution The oddball effect of 5 33 ц was highly significant (F(l,10)=43 01, 
MSe=14 55,p<0002) 
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ELDERLY NORMAL CONTROLS (N=11), 
Tone Oddball Task 
10 μΥ frequent 
rare 
ι 1 1 — 
0 300 600 ms 
Figure 8 Grand average ERPs from the normal controls subjects (n= 11 ) to the frequent (dotted line) and 
the rare tones (solid line) in the oddball paradigm 
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BROCA'S APHASICS (N=12), Tone Oddball Task 
AL 
PL 
10 μν 
Fz 
-J \τν^^-
— I 1 
300 600 ms 
frequent 
rare 
Figure 9 Grand average ERPs from the Broca's aphasies (n= 12) to the frequent (dotted line) and the rare 
tones (solid line) in the oddball paradigm 
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Br oca's aphasies 
Figure 9 (see previous page) presents the average waveforms for the Broca's aphasies 
Relative to the normal controls, N1, P2 and P300 components are clearly reduced, but 
the N1 and P2 have retained their frontal, and the P300 has retained its posterior 
distribution The oddball effect of 2 44 ц was marginally significant (F( 1,11)=3 63, 
MSe=39 18,p=08) 
High vs Low Comprehenders 
In the ANOVA with Group of Subjects as the additional factor, a significant Group 
of Subjects by Tone Probability interaction was found (F(l,10)=7 60, MSe=24 49, 
p< 03) Therefore, additional ANOVAs were done for the high and the low 
comprehenders separately These analyses yielded a significant oddball effect of 5 22 
ц for the high comprehenders (F(l,5)=14 64, MSe=22 33, p< 02), but not for the 
low comprehenders (-0 35 ц , F<1) The absence of this effect for the low 
comprehenders was however partly due to individual subject differences (see below) 
Individual subject data 
Table 6 shows the results for the individual subject data for the normal controls in the 
linguistic control conditions, the lexical ambiguity conditions, and the tone oddball 
experiment Table 7 shows the same for the Broca's aphasies, and in addition this 
table summarizes the information on comprehension scores and lesion volume, and 
they indicate which of the patients had a lesion in the temporo-panetal area This latter 
information was included because it has been shown that the temporo-panetal junction 
is crucial to the generation of the P300 effect (Knight et al, 1989) Tables also indicate 
how many low tones the subjects correctly reported in the oddball experiment 
Although there was a clear variation in the size of the P300 effects, it was present in 
most subjects 
All but one of the normal controls showed more negative going waveforms to 
the low cloze than to the high cloze critical words in mid-sentence position The 
subject that showed a deviant more positive going waveform in the low cloze than in 
the high cloze condition (subject 10) did however have the expected N400 effect in 
both versions of the lexical ambiguity experiment Ten of the eleven subjects that were 
tested m the oddball experiment showed more positive going waveforms to the 
oddballs than to the standards in the oddball experiment (one subject ( 10) did not 
show a clear difference between conditions) 
In the short ISI version of the experiment, all elderly controls showed a 
reduction of the amplitude of the N400 to the targets in the concordant relative to the 
unrelated condition, and eleven showed this difference in the long ISI version Ten 
Ambiguous Words in Sentence Contexts ¡I 195 
subjects showed a reduction of the N400 amplitude in the concordant relative to the 
discordant conditions in both ISI versions of the experiment Finally, seven elderly 
controls showed a reduction of the discordant relative to the unrelated conation in the 
short ISI version, and eight in the long ISI version In short, the individual subjects 
show a relatively similar pattern of results for both ISI versions of the experiment 
Subjects 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
U-C 
100 -6 28 
1250 -4 53 
100 -3 11 
1250 -2 34 
100 -1 97 
1250 -2 82 
100 -1 63 
1250 -2 33 
100 -0 32 
1250 -1 13 
100 -0 07 
1250 -2 67 
100 -4 80 
1250 -1 72 
100 -2 37 
1250 -1 51 
100 -1 38 
1250 +0 37 
100 -1 13 
1250 -2 68 
100 -2 38 
1250 -0 71 
100 -3 18 
1250 -130 
U-D 
100 +0 11 
1250 -0 83 
100 -1 66 
1250 -141 
100 -1 72 
1250 -0 92 
100 +0 96 
1250 +0 25 
100 +0 08 
1250 -0 40 
100 +2 24 
1250 +0 80 
100 -3 11 
1250 -031 
100 -2 47 
1250 -0 49 
100 -1 40 
1250 +0 08 
100 +141 
1250 -2 02 
100 -1 86 
1250 +146 
100 -0 59 
1250 -1 66 
D-C 
100 -6 39 
1250 -3 70 
100 -1 45 
1250 -0 93 
100 -0 25 
1250 -1 90 
100 -2 59 
1250 -2 58 
100 -0 40 
1250 -0 73 
100 -2 31 
1250 -3 47 
100 -1 69 
1250 -141 
100 +0 10 
1250 -102 
100 +0 02 
1250 +0 29 
100 -2 54 
1250 -0 66 
100 -0 52 
1250 -2 17 
100 -2 59 
1250 +0 36 
Low-
High 
-091 
-0 80 
-2 79 
-4 40 
-6 38 
-2 91 
-108 
-0 78 
-3 11 
+0 32 
-0 49 
-0 17 
P300 
+ 161 
+7 02 
+6 01 
+6 10 
+5 65 
+3 70 
... 
+7 86 
+4 86 
+0 02 
+6 52 
+9 33 
count 
low 
Iones 
60 
61 
60 
60 
60 
60 
... 
60 
60 
60 
60 
60 
Table 6 Individual ERP effects of the normal elderly controls for 1) the two ISI versions of the 
ambiguity experiment in the unrelated - concordant (U-C), unrelated - discordant (U-D), and discordant -
concordant (D-C) context conditions (mean amp in ц in 350-600 ms area), 2) the high vs low cloze 
words in mid sentence position (mean amp in ц in 350-600 ms area), 3) the frequent vs rare tones in 
the oddball paradigm (mean amp in μΥ in 250-500 ms area) 
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Pal 
1 
HI 
2 
LO 
3 
HI 
4 
LO 
5 
HI 
6 
LO 
7 
LO 
8 
HI 
9 
LO 
10 
HI 
H 
LO 
12 
HI 
u-c 
100 -0 86 
1250 -1 34 
100 -2 00 
1250 -1 85 
100 +1 41 
1250 +0 53 
100 -4 67 
1250 -0 79 
100 -4 49 
1250 -3 43 
100 -1 15 
1250 +0 95 
100 -3 04 
1250 +0 05 
100 -2 02 
1250 -0 44 
100 -1 77 
1250 -1 78 
100 -4 35 
1250 -2 55 
100 -2 31 
1250 -0 25 
100 -5 97 
1250 -7 10 
U-D 
100 -1 30 
1250 -0 72 
100 -0 56 
1250 +0 46 
100 +0 50 
1250 +0 63 
100 -2 19 
1250 +0 73 
100 -1 11 
1250 -1 78 
100 -0 46 
1250 +2 22 
100 -3 14 
1250 +195 
100 -2 58 
1250 +1 27 
100 -1 16 
1250 +2 15 
100 -1 19 
1250 -1 48 
100 +0 78 
1250 -0 09 
100 -3 45 
1250 -2 80 
D-C 
100 +0 44 
1250 -0 62 
100 -1 44 
1250 -2 31 
100 +0 91 
1250 -0 10 
100 -2 48 
1250 -1 52 
100 -3 38 
1250 -165 
100 -0 69 
1250 -1 27 
100 +0 10 
1250 -1 90 
100 +0 56 
1250 -1 71 
100 -0 61 
1250 -3 93 
100 -3 16 
1250 -1 08 
100 -3 09 
1250 -0 16 
100 -2 52 
1250 -4 30 
Low-
High 
-121 
+0 32 
-2 25 
-2 07 
-143 
-1 15 
+2 07 
-1 83 
*1 55 
-4 08 
-1 75 
-3 74 
P300 
+7 90 
-2 98 
+2 64 
+2 83 
+4 98 
-3 28 
+2 94 
+ 105 
3^ 06 
+3 16 
-4 66 
+2 12 
count 
low 
tones 
60 
60 
59 
70 
63 
NOT 
NOT 
60 
60 
NOT 
NOT 
63 
com 
sco 
94 
67 
105 
74 
97 
65 
90 
108 
65 
98 
87 
93 
Les 
Vol 
60 
121 
14 
17 
— 
73 
105 
127 
219 
50 
-
141 
Les 
Sit 
+ 
— 
+ 
+ 
... 
Table 7 Individual ERP effects of the Broca's aphasies for 1) the two ISI versions of the ambiguity 
experiment in the unrelated - concordant (U-C), unrelated - discordant (U-D), and discordant - concordant 
(D-C) context conditions (mean amp in ц in 350-600 ms area), 2) the high vs low cloze words in mid 
sentence position (mean amp in ц in 350-600 ms area), 3) the frequent vs rare tones in the oddball 
paradigm (mean amp in μν in 250-500 ms area) This table also provides individual subject information 
on the number of low tones that were counted (correct-60), the comprehension scores on the 
comprehension subtest of the AAT, the lesion volume The lesion site is marked with a + if it involves the 
temporo-panetal area 
Of the Broca's aphasies, nine of the twelve subjects showed more negative going 
waveforms to the critical words in the low cloze than in the high cloze condition 
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Subjects 2,7, and 9 showed a more positive going waveform to the low cloze than to 
the high cloze condition. These subjects were all low comprehenders. The absence of 
this effect was not correlated with an absence of N400 effects in the ambiguity 
conditions, because these patients did show N400 effects in at least one version of the 
lexical selection experiment. Nine patients showed a P300 effect. Three patients (2, 
6, and 11, all low comprehenders) showed more negative waveforms to the oddballs 
than to the standard tones.2 As in Chapters 2 and 3, this phenomenon seems to be 
related to the ability to count: Two of the three patients that had a 'reversed' oddball 
effect were unable to count. Two of the three patients that showed this 'reversed' 
oddball effect did have N400 effects in the linguistic control experiment, and all three 
had N400 effects in at least one ISI version of the ambiguity experiment. 
In the short ISI version of the experiment, eleven patients showed a negative 
difference between the unrelated and the concordant condition, and nine showed this 
in the long ISI version. Most importantly, between the short and the long ISI there is 
a clear shift from the number of patients who show a reduced N400 amplitude to the 
targets in the discordant relative to the unrelated condition (from ten m the short to five 
in the long ISI version), and there is also a shift in the number of patients who show 
a reduction of the amplitude to the targets in the concordant relative to the discordant 
condition (from eight in the short, to all of the subjects in the long ISI version). 
In order to determine to what extent the size of the P300 effect was related to the size 
of the N400 effects in the linguistic control, and in the lexical ambiguity conditions, 
correlations were computed between the N400 effect in the lexical ambiguity 
conditions (unrelated - concordant) and the P300 in the oddball experiment, and 
between the N400 effect in the control conditions and the P300 effect in the oddball 
experiment, for the normal controls and the patients. For the lexical ambiguity 
conditions, the values of the N400 effects that were found in the comparison between 
the unrelated and the concordant condition were entered into these analyses, for the 
short and the long ISI version of the experiment separately. None of these comparisons 
yielded a significant correlation (N400 control - P300; normal controls: R=0.07, 
p=0.84, Broca's aphasies: R=0 10, p=0.76; N400 ambiguity short ISI - P300; normal 
controls: R=0.02, p=0.96, Broca's aphasies: R=0.04, p=0.90; N400 ambiguity long 
ISI - P300; normal controls R=0.50, p=0.12, Broca's aphasies: R=0.13, p=0.68). 
2
 The P300 results of this experiment are inconclusive as to the question of whether the temporo-
parietal junction is generating the P300 (Knight, Scabini and Woods, 1989) Two patients with a lesion 
in this area (1,9) did show P300 effects, and one patient showed the abnormal 'reversal' (patient 6). Of 
the two other patients that showed this 'reversal' (2,11), one did not have a lesion in the temporo-parietal 
junction, and of the other one there is no adequate CT information available 
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Questionnaire 
The questionnaire was designed for the same purposes as in the previous Chapters, 
that is to force subjects to listen to the sentences In addition to asking questions about 
the content of sentences, the subjects were asked what word followed these sentences 
For the aphasie patients, the answers to the questions about the sentences were 
considered correct even when they contained speech errors, agrammatic omissions, etc 
If these subjects repeated a part of the sentence that was not addressed in the question, 
then that was considered as a sign that they were listening to the sentences The mean 
average of correct responses in both ISI versions of the experiment was 95% for the 
normal controls, and 65% for the Broca's aphasies, 76% for the high comprehenders, 
and 54% for the low comprehenders The lower scores for the Broca's aphasies 
necessarily reflect their language impairment, and, as was to be expected, the seventy 
of the comprehension deficit was of influence on the percentage of correct answers 
Overall however, the results from the questionnaire support the idea that subjects were 
listening to the sentences 
The subjects' reports about the noticeable aspects of the experimental 
materials in the sentence experiment were scored according to three variables 
Repetition of items, relation between sentences and targets, and the presence of 
ambiguous words The scores were averaged over the two ISI versions Of the normal 
controls, 100% of the subjects were aware of the fact that certain items were repeated, 
and that there was sometimes a relation between the sentence and the target word On 
average 59% reported the presence of ambiguous words Of the Broca's aphasies 58% 
noticed the repetition of the items, and 21% recognized that there sometimes was a 
relation between sentences and targets (one low and one high comprehender) None of 
the patients reported the presence of ambiguous words 
DISCUSSION 
The results of the oddball experiment of the present study are clearly in line with the 
findings that were reported in Chapters 2 and 3 of this thesis The P300 effects m the 
current study could again be dissociated from the N400 effects of both the linguistic 
control, and of the ambiguity resolution conditions, indicating that the changes in the 
N400 effects of the Broca's aphasies in this study can be reliably ascribed to their 
aphasie language deficit, rather than to correlated effects on a number of ERP 
components 
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N400 to critical words in mid-sentence position 
In the linguistic control conditions, the Broca's aphasies were sensitive to the effect 
of cloze probability Interestingly, tbs effect was apparently influenced by the seventy 
of their comprehension deficit While the high comprehenders showed a clear N400 
effect of cloze probability that was comparable m size to that of the normal controls, 
this effect was not observed for the low comprehenders This finding is in accordance 
with the findings for the aphasie patients in Chapter 3 where, compared to a group of 
normal elderly control subjects, a delay in the N400 effect to sentence-final anomalous 
versus sentence-final congruent words was found for a group of low comprehenders 
This delay was absent for a group of high comprehenders It was argued in Chapter 3 
that the delay in the N400 effect for the low comprehenders reflects a delay in the 
integration of lexical information into a higher order representation of the preceding 
sentence context More specifically, it was argued that a delay in the process of lexical 
integration might yield an incomplete or degraded higher order context representation, 
and that this makes the notion of congruent versus anomalous somewhat relative This 
might be even more the case in the present study, in which both the high and the low 
cloze words are contextually appropriate, but the low cloze words are less expected 
Apparently, if the context representation is degraded compared to the normal case, 
then the high and low cloze words become very similar with respect to the preceding 
context This then results in the absence of an N400 effect for the low comprehenders 
in the cloze probability conditions 
N400 to targets 
In this experiment on the time course of ambiguity resolution, the selection of the 
contextually appropriate meaning is a by-product of the process of lexical integration 
That is, both the contextually appropriate and the contextually inappropriate meanings 
are activated and matched rapidly against the context For the inappropriate meaning 
the match is unsuccessful, and this meaning decays or has to be suppressed But for 
the contextually appropriate meaning, the match against the context is successful, and 
this will lead to integration of this meaning into the higher order representation of the 
preceding context 
With respect to the resolution of lexically ambiguous words in sentence 
contexts, it was clear that the normal control subjects had accessed the contextually 
appropriate subordinate meaning in both ISI versions This is evident from the 
reduction of the amplitude of the N400 to the targets in the concordant relative to the 
unrelated and the discordant conditions Furthermore, the elderly controls did not show 
a significant difference in the amplitude of the N400 between the discordant and the 
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unrelated condition in either of the ISI versions, which suggests that the subordinate 
meaning had decayed or was suppressed when it was contextually inappropriate3 In 
addition, no significant differences were found between the N400 pattern of results in 
the short and the long ISI versions of the experiment, indicating that this pattern did 
not change over time These data indicate that the elderly controls had completed the 
process of lexical selection m a very short period of time 
In the short ISI version of the experiment, the group of Broca's aphasies also 
showed clear evidence that they had accessed the subordinate meaning when it was 
contextually appropriate The amplitude of the N400 to the targets m the concordant 
condition was significantly reduced relative to the unrelated targets However, in 
contrast to the normal controls, the Broca's aphasies also showed a significant 
difference between the unrelated and the discordant condition This indicates that the 
Broca's aphasies had not completed the contextual selection process after an ISI of 
100 ms But in the long ISI version of the experiment, these patients showed clear 
evidence of contextual selection They had integrated the contextually appropriate 
meaning, but m addition, 1250 ms after offset of the ambiguous word they had also 
suppressed the contextually inappropriate meaning This difference between the short 
and the long ISI versions of the experiment was further substantiated by the fact that 
a significant difference was found in the size of the N400 effect for the unrelated -
discordant conditions between the two ISI versions The pattern of results is also 
supported by the individual subject data In the short ISI there were 8 patients who 
showed a negative difference between the discordant and the concordant condition, 
while all subjects showed this difference m the long ISI On the other hand, there were 
10 patients who showed a negative difference between the unrelated and the discordant 
condition in the short ISI, while only 5 subjects showed this difference in the long ISI 
It seems therefore warranted to conclude that Broca's aphasies are able to use the 
sentence context to integrate the contextually appropriate meaning But in addition, 
they seem to be less successful than normal in suppressing the contextually 
inappropriate meaning in a very short period of time 
In comparison with the results of Chapters 2 and 3, and with the linguistic control 
conditions of the present Chapter, it is interesting to find that the delay in lexical 
3
 The normal controls differ from the young controls in this aspect of the data Whereas the young 
controls showed a small but significant difference between the discordant and the unrelated conditions 
for the subordinate targets, this difference was not significant for the elderly controls It is not exactly clear 
what would have caused this difference between these young and elderly subjects However, for the 
present thesis, the comparison between the Broca's aphasies and the elderly age matched controls is most 
important, and I will use the data of the elderly controls as the normal baseline for the results of the 
aphasie patients 
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selection is not limited to the group of low comprehenders, but that it was also found 
in the group of high comprehenders One possible explanation for this difference 
between the results of the high comprehenders in the present Chapter and the previous 
Chapters is in terms of processing resources It is not unreasonable to assume that the 
amount of processing resources that are needed for contextual selection exceed the 
amount of processing resources that are needed to integrate one word into the context 
of one other word (Chapter 2), into a part of a sentence (present Chapter), or into a 
whole sentence (Chapter 3) While in these latter cases processing resources are 
required to access the prestored information in the mental lexicon, and to integrate this 
information into a higher order message representation, in contextual selection 
additional resources are needed to suppress the contextually inappropriate meaning 
The high comprehenders are less impaired than the low comprehenders with respect 
to their scores on the comprehension subtest of the AAT, but they do have an aphasie 
deficit, which apparently shows up under the more demanding circumstances of the 
present experiment 
A second possible explanation for the absence of a difference in the pattern 
of results for the low and the high comprehenders is that the timing conditions of the 
present experiment were not sensitive to detect these differences It might well be the 
case that the high comprehenders are faster in selecting the contextually appropriate 
meaning than the low comprehenders, and that this would have become apparent if the 
activational status of the sentence-final ambiguity had been probed at an ISI in 
between 100 and 1250 ms 
Late positivities 
For the normal controls there was initially no difference between the discordant and 
the unrelated condition in the long ISI version of the experiment, but a difference did 
emerge 500 ms after onset of the target (see Figure 6) It is not clear what caused this 
late deviation between the unrelated and the discordant condition An ISI of 1250 ms 
might be too long for the phenomenon of temporal backward priming to occur (Kiger 
& Glass, 1983, Van Petten & Kutas, 1987) It seems unlikely that the processing of 
the target will temporally overlap with the processing of the sentence-final word more 
than a second after this word has been heard However, it might be the case that a 
backward association from the target to the sentence-final ambiguous words has 
influenced the data for the elderly controls (Konat, 1981, Chwilla, Brown, & Hagoort, 
1995) In this scenano a late reduction of the N400 amplitude in the discordant relative 
to the unrelated condition could occur because the subjects have made a semantic 
(backward) match between the target and the sentence-final ambiguous word in the 
discordant condition But then it remains to be explained why this effect was not 
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obtained in the short ISI version. One possible explanation is that the same subjects 
were tested in both ISI versions of the experiment. Although there was no task that 
could have stimulated subjects to invoke strategies, it might be the case that in the 
second session the elderly control subjects were trying to match targets to the 
previously heard sentence-final word. This idea seems to be somewhat supported by 
the fact that while after the short ISI session only six subjects were aware of the fact 
that some sentences ended in ambiguous words, nine of them reported the presence of 
ambiguous words after the long ISI session. Whatever the mechanism underlying this 
late difference between the unrelated and the discordant condition for the elderly 
controls, it seems reasonable to conclude that initially these subjects had suppressed 
the contextually inappropriate meaning at the long ISI. 
In conclusion, the overall pattern of results of the present study is at odds with the idea 
that Broca's aphasies are unable to exhaustively access multiple meanings of 
ambiguous words (Swinney et al, 1989) The current study clearly shows that Broca's 
aphasies have integrated the subordinate meaning into the higher order representation 
of the preceding sentence context, and therefore, they must have accessed this meaning 
as well. Instead the data of the present study strongly support the findings of the 
lexical decision study of Hagoort (1990). His data also indicated that Broca's aphasies 
had not yet suppressed the contextually inappropriate meaning after an ISI of 100 ms, 
but that they had after a longer period of time, in his case 750 ms. Both Hagoort's 
(1990) results and the results of the present study indicate that Broca's aphasies are 
less successful than normal in the rapid selection of the contextually appropriate 
meaning. To reiterate, successful contextual selection is achieved when the 
contextually appropriate meaning is integrated, and the contextually inappropriate 
meaning is suppressed. While for the normal controls, contextual selection was 
completed 100 ms after the sentence-final ambiguity, the Broca's aphasies took more 
than a second to complete this process. In other words, the process of contextual 
selection is delayed in these patients." 
^Although the most important comparison for the Broca's aphasies is with their age-matched control 
group, it is clear that the pattern of results for the Broca's aphasies also deviated from that of the young 
controls (for the subordinate targets) in Chapter 4 In the short ISI version of the experiment, for the 
young controls, the -0.86 pV difference between the unrelated and the discordant condition was only a 
small proportion (23%) of the -3.79 ц difference between the unrelated and the concordant condition 
For the Broca's aphasies this proportion was 51% (unrelated - concordant -2 60 ц , and unrelated -
discordant -1 32 ц ) This indicates that whereas the contextual selection process was well under way 
for the young controls after 100 ms, the Broca's aphasies clearly needed more time. 
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What is the mechanism that underlies the Broca's aphasies' delay in meaning 
selection? The process of contextual selection depends on the fast access to, and 
integration of the activated lexical meanings into the higher order representation of the 
preceding sentence context. Given the fact that the activational status of the sentence-
final ambiguities was probed at a 100 ms after the offset of these words, the current 
results cannot exclude a certain delay in the activation of lexical meanings in the 
Broca's aphasies (Swinney et al., 1989). However, at 100 ms after the offset of the 
ambiguous word, there was clear evidence that the subordinate meaning had been 
activated, as was evident from the reduction of the N400 to the targets in the 
concordant relative to the unrelated and the discordant conditions. This indicates that 
within these 100 ms, lexical meanings are activated sufficiently to allow contextual 
selection of the appropriate meaning. This selection, however, has not taken place 
within this time frame. Therefore, a slower than normal rise time for the activation of 
lexical meanings cannot explain the delay in the suppression of the contextually 
inappropriate meaning that was observed for the Broca's aphasies in the present study. 
An alternative explanation has been proposed by Hagoort ( 1990). In his view, 
a successful selection depends upon the integration of the contextually appropriate 
meaning of the ambiguous word and the contextual information into a higher order 
message representation. Hence, selection can be seen "as the by-product of lexical 
integration, either leading to active inhibition or to passive decay of the alternative 
meanings" (page 128). It seems therefore likely, as was the case in the previous 
Chapters of this thesis, that the delay in meaning selection in the Broca's aphasies of 
the present study results from a delay in the integration of lexical information into the 
higher order representation of the preceding context. 
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6 
SUMMARY AND CONCLUSIONS 
In this final Chapter, the major findings of the research reported in this thesis will be 
summarized In addition, general conclusions will be drawn as to what these data 
reveal about the nature of the comprehension deficits m aphasia1 The question of 
whether ERPs are a useful tool for studying language processing deficits in aphasia 
will also be addressed 
The ability to understand spoken words and sentences can be severely disrupted in 
aphasia as is evident from clinical assessment, as well as from experimental results 
As has been discussed in the previous chapters, this deficit has been traditionally 
attributed to a loss of the stored representations m the mental lexicon (e g, Goodglass 
& Baker, 1976, Zurif, Caramazza, Myerson, & Galvin, 1974) However, in recent 
years, an increasing number of studies have reported results that are suggestive of 
processing impairments, rather than a loss of knowledge (e g , Friedend & Kilbom, 
1989, Haarmann & Kolk, 1994, Hagoort, 1993, Milberg, Blumstein, Katz, Gershberg, 
& Brown, 1995) The exact nature of these processing impairments is still a matter of 
debate It might be the case that the aphasie deficit is related to an impairment m 
automatically accessing and/or activating the knowledge representations in the mental 
lexicon (e g, Milberg et al, 1995, Swirmey, Zunf, & Nicol, 1989) Alternatively, it 
has been proposed that rather than lexical access, the integration of lexical information 
into the preceding word or sentence context is impaired in these patients (Hagoort, 
1993, Tyler, Ostnn, Cooke, & Moss, 1995) The ERP results of the experiments in the 
present thesis support this latter proposal 
Before discussing the results of the present language experiments, it is important to 
note that a number of control measurements indicated that the changes of the N400 
effects for the aphasie patients relative to their controls were most likely not an 
aspecific effect of their brain lesion, but were specific to the nature of their language 
1
 Since the research in the present thesis was limited to Broca's and Wernicke's aphasies, it is not clear 
to what extent the conclusions that will be drawn for these patients are generalízatele to other types of 
aphasia 
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impairment. Firstly, in all of these studies, a clear dissociation was found between the 
P300 effects of a nonlinguistic control experiment and the N400 effects of the aphasie 
patients. And secondly, in Chapters 2 and 3 the N400 effects for a control group of 
non-aphasic patients with a lesion in the right hemisphere were in most cases relatively 
normal (with an interesting exception), which shows that brain lesions do not 
necessarily lead to major changes in the size and/or latency of endogenous ERP-
effects. With the results of these control studies in mind, the changes in the N400 
effects of the aphasie patients can be interpreted in terms of their language deficit. 
A critical observation for the patient group data in this thesis was that the evaluation 
of the individual subject data revealed that, despite considerable variation in the size 
of the effects, the ERP-pattem of results that was found in the grand averages was also 
discernable in most individual subjects. The individual data therefore support the 
conclusions that have been drawn from the group data. 
Important for the conclusions of the experiments is the question of what the N400 
effect reflects about the underlying comprehension processes. A number of studies, 
that were previously discussed in Chapter 1 and throughout this thesis, support the 
idea that in the context of a word or a sentence, the N400 effect is reflecting lexical 
integration and not lexical access. To reiterate, the results of recent priming studies 
have shown that in the context of another word, the N400 effect is not modulated by 
spreading of activation in a semantic network or automatic access to lexical 
representations, but primarily reflects postlexical processes that are involved in lexical 
integration (Brown & Hagoort, 1993; Chwilla, 1996, Chwilla, Brown, & Hagoort, 
1995; Holcomb, 1993; Rugg, Furda, & Lorist, 1988) Brown and Hagoort (1993) 
found a priming effect for reaction times in a lexical decision task when the 
presentation of the visual prime was masked, but under the same circumstances no 
N400 effect was obtained. In another priming study, Holcomb (1993) showed that 
stimulus degradation of visually presented target words did not modulate the size of 
the N400 effect, while the reaction times showed larger priming effects to the degraded 
versus the normal targets. These results indicate that the N400 priming effect is not 
sensitive to automatic spreading of activation, and the automatic lexical access 
process. In support of the idea that the N400 effect is sensitive to lexical integration 
processes, Brown, Hagoort, & Chwilla (submitted) found evidence that suggests that 
in the absence of an overt task such as lexical decision, N400 priming effects are 
largely due to semantic matching, which is not unlike the integration process that 
occurs in the more common processing of sentences or discourse (Brown & Hagoort, 
1993; Neely, 1991). In both cases word meaning has to be matched against the 
semantic specifications of the context. In sentence contexts, the finding of Van Petten 
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and Kutas (1991) that the N400 to open class words is larger at the beginning of the 
sentence than at the end of the sentence, is also consistent with the idea that the N400 
effect is modulated by the lexical integration process In light of these findings, I 
interpret changes in the amplitude and/or latency of the N400 effects m aphasie 
patients, relative to their controls, to reflect a deficit m lexical integration 
Summary of results 
The aim of the first experiment (Chapter 2) was to further determine the nature of 
lexical-semantic processing impairments in Broca's and Wernicke's aphasies This 
was done by presenting these patients with spoken words m a two-word priming 
paradigm The second word of a pair was either purely semantically related, 
associatively related, or unrelated to the first word in a pair It was found that Broca's 
and Wernicke's aphasies showed an N400 effect of priming, that is, a reduction of the 
N400 amplitude to semantically and associatively related words relative to unrelated 
words However, when the data of the aphasie patients were analyzed according to the 
severity of their comprehension deficit, irrespective of then· syndrome classification, 
the aphasie patients with more severe comprehension deficits (low comprehenders) 
showed a clear reduction of the N400 effect relative to a group of normal controls In 
contrast, the patients that had only minor comprehension deficits (high 
comprehenders) showed N400 effects of similar size as the controls 
What conclusions could be drawn from these results? First, the fact that 
similar results were found for the associatively and purely semantically related words 
supports the idea that these patients are able to access information at the level of 
lexical semantics (Fischler, 1977, Shelton & Martin, 1992) Second, with respect to 
their processing deficit, the data indicate that language comprehension impairments 
in aphasie patients are due to an impairment in the integration of individual word 
meanings into an overall meaning representation This conclusion can be drawn on the 
basis of several pieces of evidence The SOA between primes and targets in this 
experiment was 1183 ms It has been shown that the priming effects that are observed 
at long S О As are largely due to using primes for generatmg expectancies about 
possible targets (Becker, 1980, 1985, Posner & Snyder, 1975) and/or to a postlexical 
process, which has been referred to as postlexical meaning integration (De Groot, 
1985), or semantic matching (Neely & Keefe, 1989) In addition, the N400 effect is 
sensitive to the lexical integration process, and in the absence of a task, the N400 
effect most likely reflects the process of semantic matching (Brown, Hagoort & 
Chwilla, submitted) Together, the relatively long SOA between primes and targets, 
the absence of a task, and the evidence about the processing nature of the N400, 
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suggest that the N400 priming effects that were observed in this experiment were 
generated by a semantic matching process In this process, subjects match primes and 
targets for semantic similarity A successful match leads to a reduction of the N400 
amplitude Therefore, the impairments that aphasie patients with moderate to severe 
comprehension deficits showed in matching related words for their semantic similarity, 
suggest that the functional locus of language comprehension impairments in these 
patients is at the level of integrating individual word meanings mto the overall message 
representation of the whole utterance 
It has been argued that the mechanism underlying semantic matching m a word 
priming paradigm is not unlike the integration process that occurs in sentence or 
discourse processing (Brown & Hagoort, 1993, Neely, 1991) It was therefore 
predicted that low comprehenders would also show an abnormal N400 effect when 
words have to be matched against the context of a whole sentence instead of one word, 
and this prediction was tested in Chapter 3 
In the experiment in Chapter 3, subjects were asked to listen attentively to 
sentences that were spoken at a normal rate In half of the sentences, the meaning of 
the sentence-final word was anomalous with respect to the preceding sentence context, 
and in the other half of the sentences the sentence-final word matched the semantic 
specifications of the preceding sentence context The N400 was measured to the 
sentence-final words in both conditions In normal subjects, the N400 to sentence-final 
congruent words is typically reduced relative to the N400 to sentence-final anomalous 
words (Kutas & Hillyard, 1980) This effect reflects that m the congruent condition, 
the sentence-final word was easy to integrate into the preceding sentence context, while 
this was not the case in the anomalous condition The results for the aphasie patients 
were analyzed according to the seventy of their comprehension deficit The results 
showed that in contrast to the normal controls, the low comprehenders had a smaller 
and clearly delayed N400 effect, while the high comprehenders showed an N400 effect 
that was comparable to the neurologically unimpaired controls 
One interpretation for this delay m the N400 effect of the low comprehenders 
is in terms of a deficit in accessing lexical information Impaired access of lexical 
information of different words in the sentence could result in a delayed integration of 
the sentence-final word, and hence in a delay of the N400 congruity effect However, 
this interpretation seems unlikely in the light of results from recent studies that show 
that aphasie patients with comprehension deficits do not have a deficit in accessing 
lexical information (eg, Hagoort, 1993, Tyler et al, 1995) Instead, given the 
processing nature of the N400, the results of this study indicate that these patients are 
slower than normal in the process of integrating lexical information into the overall 
message representation of the whole utterance 
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The experiments in Chapters 4 and 5 further examined possible delays in lexical 
integration, by examining the time course of the resolution of lexically ambiguous 
words in sentence context Ambiguous words have the same form representation, but 
two or more unrelated meanings (eg,"bank") Selection of the contextually 
appropriate meaning of ambiguous words in sentence context requires the rapid 
integration of this meaning into the preceding context representation Because only a 
couple of studies have investigated this process of meaning selection by measuring 
ERPs (Van Petten & Kutas, 1987, Hagoort & Brown, 1994), and none of these were 
in the auditory modality, first a baseline ERP-pattern of results was established m a 
group of young neurologically unimpaired subjects (Chapter 4) In this study, subjects 
were presented with sentences in three context conditions, followed by a target word 
that was presented either 100 or 1250 ms after the offset of the sentence-final word 
(for an example, see Table 2 in Chapter 4) In the concordant condition, the sentence 
biased the meaning of the sentence-final ambiguous word that was related to the target 
In the discordant context, the sentence biased the alternative meaning of the sentence-
final word This meaning was unrelated to the target And finally, in the unrelated 
condition, the sentence-final word was neither ambiguous nor related to the target The 
N400 was measured to the target words, that could either be related to the subordinate 
or to the dominant meaning of the ambiguous words For the comparison with the 
elderly controls and the Broca's aphasies in Chapter 5, the N400 results for the 
subordinate targets are most relevant These results indicated that the contextual 
selection process was well under way 100 ms after the young subjects had heard the 
ambiguous word 
The N400 pattern of results for the elderly control subjects in Chapter 5 did 
not differ significantly between the short and the long ISI versions of the experiment, 
indicating that there were no relevant changes over time in the selectional status of the 
subordinate meaning These subjects had selected the contextually appropriate 
meaning of ambiguous words within a very short period of time 
In contrast to the elderly controls, the Broca's aphasies did show a significant 
change in their pattern of ERP results over time Whereas they showed the same 
pattern of results as the normals at the ISI of 1250 ms, their N400 effects differed 
from those of the normal controls at the short ISI After 100 ms, the Broca's aphasies 
showed clear activation of the subordinate meaning when it was contextually 
inappropriate 
Two conclusions can be drawn from this pattern of results First, in contrast 
to claims by Swinney et al (1989), Broca's aphasies are able to access the subordinate 
meaning of ambiguous words And second, these data indicate that the contextual 
selection process is delayed in these patients Since contextual selection of ambiguous 
words depends upon the rapid integration of the appropriate meaning into the 
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preceding context representation, this delay in contextual selection is most likely due 
to a delay in the time course of lexical integration. 
ERPs in aphasia research 
A final remark should be made about the usefulness of the ERP method for studying 
language processing deficits in brain damaged patients. This thesis presents the first 
neurolinguistically motivated ERP studies on aspects of language comprehension 
impairments in aphasie patients (see Hagoort & Kutas, 1995, for a review). These 
studies have shown that reliable language-related ERP effects can be obtained in brain 
damaged patients with a language impairment, even in the absence of overt task 
requirements. These effects, however, will only be revealing about the functional 
nature of the neurolinguistic deficit if, in addition, dissociations between language 
related and non-linguistic ERP effects are observed. Provided that this and some other 
methodological concerns are borne in mind (cf. Hagoort & Kutas, 1995), the use of 
language-related ERPs such as the N400 (Kutas & Hillyard, 1980), the Syntactic 
Positive Shift (Hagoort, Brown, & Groothusen, 1993; Osterhout & Holcomb, 1992) 
and the left anterior negativity (Friedend, 1995; Friederici, Pfeifer, & Hahne, 1993; 
Neville, Nicol, Barss, Forster, & Garret, 1991, Munte, Heinze, & Mangun, 1993) 
offers a fruitful additional approach to studying language deficits in aphasia 
Conclusions 
The experiments in this thesis support the idea that comprehension deficits in Broca's 
and Wernicke's aphasia are more due to an impairment in one of the processing 
components, than to a loss of stored linguistic representations. Although reduced 
and/or delayed for the low comprehenders, the aphasie patients did show N400 effects 
in the studies that are reported in this thesis2. In Chapter 2, significant priming effects 
were found for Broca's and Wernicke's aphasies. Importantly, these effects were 
obtained for targets that were purely semantically related to the prime word, and to 
targets that were associatively related to the prime These results indicate that the 
2
 In Ihe N400 control study in Chapter 5, the low comprehenders failed to show an N400 effect of 
cloze probability However, these same subjects did show N400 effects in the ambiguity resolution study 
The absence of an N400 effect in this study was therefore not explained in terms of loss of information, 
but in terms of a delay in lexical integration This delay might yield an incomplete or degraded higher 
order context representation Apparently, if the context representation is degraded compared to the normal 
case, then the high and low cloze words become very similar with respect to the preceding context. 
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patients had access to lexical semantic representations in the mental lexicon, and 
moreover that the structural organization of the lexicon is largely preserved in these 
patients 
In Chapter 3, relative to their controls, low comprehenders (5 Broca's 
aphasies and 2 Wernicke's aphasies) showed a delay and a reduction in their N400 
congnuty effect as was measured to sentence final anomalous versus congruent words 
As discussed before, the N400 effect is modulated by the lexical integration process 
So, even though a reduction and/or delay in the size of this effect was found for the 
patients with the most severe comprehension deficits, the presence of the N400 effect 
indicates that these patients were more or less able to integrate the lexical information 
of a word into a higher level message representation This integration process requires 
that the lexical representations are activated, which indicates that these representations 
were not lost from the mental lexicon 
Further evidence for the claim that aphasie comprehension does not primarily 
result from a loss of linguistic information was obtained in the ambiguity study in 
Chapter 5 Here it was found that Broca's aphasies are able to access both subordinate 
and dominant meanings of ambiguous words, but that they take longer to select the 
contextually appropriate meaning 
In sum, the present data support the findings in the literature that aphasie 
comprehension results from a processing deficit rather than from a loss of stored 
linguistic representations (e g, Fnederici & Kilborn, 1989, Haarmann & Kolk, 1994, 
Hagoort, 1993, Milberg et al, 1995) 
The functional locus of the processing deficit in aphasia does not appear to be at the 
level of automatically accessing and/or activating information in the mental lexicon 
An important finding in this respect was the pattern of results at the short ISI for the 
aphasie patients in the lexical ambiguity study (Chapter 5) For these patients, 100 ms 
after the offset of the ambiguous word, the subordinate meaning of the ambiguity had 
clearly been activated, as was evident from the reduction of the N400 to the targets in 
the concordant relative to the unrelated and the discordant conditions These results 
indicate that the subordinate meaning of the ambiguity had been activated rapidly 
However, although the activation of the lexical meanings was apparent at a 100 ms, 
contextual selection had not taken place within this time frame, as was evident from 
the significant difference in the N400 amplitude between the discordant and the 
unrelated condition Therefore, a slower than normal rise time for the activation of 
lexical meanings, as has been proposed by Swinney et al (1989), cannot explain the 
delay in the suppression of the contextually inappropriate meaning that was observed 
for the aphasie patients in this study 
Results from other recent on-line studies in aphasia support the claim that the 
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processing deficit in aphasia does not result from a deficit in automatically accessing 
lexical-semantic representations Hagoort (1993) found significant effects of priming 
at a short ISI for Broca's and Wernicke's aphasies Tyler et al (1995) replicated and 
extended this result They asked normal controls and aphasie patients to make lexical 
decisions to targets in an auditory priming task Subjects were presented with 
pseudoword targets, and with target words that were either semantically related or 
unrelated to a prune word Half of the semantically related targets were also strongly 
associatively related, and half were not associatively related to the prune Because the 
ISI between primes and targets was short (200 ms), and the proportion of related pairs 
was small (33% of the word targets, and 16% of all the targets), it can be claimed that 
the experiment tapped into processes of automatic lexical access Under these 
circumstances, two Broca's aphasies, a fluent aphasie, and an anomie patient, showed 
effects of priming that were comparable to those of a group of normal controls The 
authors therefore concluded that these patients are not slowed down in their access of 
semantic information in the lexicon This fits well with the N400 priming results in 
the present thesis, and with other priming studies that found priming effects in patients 
with Broca's aphasia, and in patients with Wernicke's aphasia (Blumstein et al, 1982, 
Fnedman,Glosser, & Diamond 1988, Hagoort, 1993, Milberg et al, 1987) Only two 
studies (Milberg & Blumstein, 1981, Milberg et al, 1987) did not obtain normal 
priming effects for Broca's aphasies, but these studies used a long SOA between 
prunes and targets, which as was discussed earlier, does not tap into automatic access 
processes 
What then is the functional locus of comprehension deficits m aphasia'? The data of 
the present thesis support the idea that aphasie patients with comprehension deficits 
suffer from a delay in the integration of lexical information into the higher order 
representation of the preceding word or sentence context (Hagoort, 1993, Tyler et al, 
1995) For the low comprehenders in Chapter 2, a reduction of their N400 priming 
effect was found The relatively long SOA between primes and targets, the absence of 
a task, and the evidence about the processing nature of the N400 suggest that the N400 
priming effects that were observed in this experiment were generated by a semantic 
matching process This process shares important characteristics with lexical 
integration m sentence or discourse comprehension, where each word is matched 
against the higher order representation of the preceding context Therefore, the 
impairments that aphasie patients with moderate to severe comprehension deficits 
showed in matching related words for their semantic similarity, suggested that these 
patients are impaired m the integration of individual word meanings into the overall 
message representation of the whole utterance The fact that the low comprehenders 
m the study of Chapter 3 showed a delay and reduction in their N400 congruity effect 
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further supported this idea Finally, in Chapter 5 the aphasie patients took longer than 
normal to select the contextually appropriate meaning of an ambiguous word Since 
in this case selection is dependent upon contextual integration, the delay in contextual 
selection was interpreted as a delay in lexical integration 
It is not clear from the present data what underlying mechamsm(s) causes the delay in 
lexical integration in the aphasie patients A number of authors have suggested that 
comprehension deficits in aphasia might be related to a reduction in computational 
resources and/or a reduction in memory capacity and the effect this has on the time 
course of language processing (e g, Carpenter, Miyake, & Just, 1994, Friedend & 
Frazier, 1992, Haarmann & Kolk, 1994, Hagoort, 1990, Kolk, 1995) Hagoort (1990) 
proposed that relative to lexical access, lexical integration requires more computational 
resources During lexical access, pre-stored lexical information in the mental lexicon 
is automatically activated This process is assumed to require computational resources 
to only a limited degree During the process of lexical integration, computational 
resources are required both to integrate the accessed information into a higher order 
context representation, and to maintain this representation in a temporary memory 
buffer It is therefore reasonable to assume that lexical integration requires more 
computational resources than lexical access, and hence that integration will be more 
disrupted by a reduction in computational resources than lexical access As a result, 
lexical integration will be delayed relative to lexical access Since speed is such a 
central aspect of language processing, this delay will most likely have adverse 
consequences for the adequate construction of a higher order message representation 
This will result m a suboplimal representation of the incoming utterance, or in the most 
severe cases, in the complete failure to construct a representation spanning the whole 
utterance This account of language comprehension deficits is not only compatible with 
results from a large series of on-line studies (e g , see Tyler et al, 1995), but also 
readily explains one of the overriding phenomena in aphasie patients, namely the large 
variation between patients in the degree of seventy of their comprehension deficits 
This variation in degree of severity might be related to the between-patient variation 
in the degree of temporal mismatch between lexical access and lexical integration 
In summary, combining all the results from the ERP-studies on aphasie comprehension 
impairments reviewed in this thesis, an overall pattern emerges that is compatible with, 
and provides support for the claim that comprehension impairments in Broca's and 
Wernicke's aphasies result from a delay in lexical integration That is, these patients 
have problems in rapidly merging the lexical-semantic and lexical-syntactic 
information into a meaningful overall message representation Most likely the degree 
of impairment of this integration process is, at least in part, a function of the reduction 
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of the computational resources that are required for adequate language comprehension 
In the most severe cases, the delay in integration will lead to an incomplete message 
representation, causing senous problems in understanding the linguistic input Or, as 
some of the aphasie patients would explain to me, they no longer knew at the end of 
a sentence what had been said in the beginning 
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SAMENVATTING 
De functionele locus van taalbegripsstoornissen ten gevolge van afasie: 
een electrofysiologische benadering 
Het begrijpen van gesproken taal is essentieel voor menselijke communicatie Onder 
normale omstandigheden heeft niemand problemen met het begrijpen van gesproken 
taal, en daarom staan wij vaak niet stil bij het belang en de complexiteit van deze 
vaardigheid Echter, de complexiteit van taalverstaan wordt glashelder op het moment 
dat we geconfronteerd worden met de gevolgen van afasie, een stoornis in het 
begrijpen en/of produceren van taal tengevolge van een hersenbeschadiging Het 
onderzoek in de huidige dissertatie is gencht op de vraag welke onderliggende stoornis 
ten grondslag ligt aan de taalbegnpsproblemen van patiënten met afasie 
In het onderzoek dat wordt gerapporteerd in deze dissertatie werden patiënten met een 
afasie van Broca en patiënten met een afasie van Wernicke getest Patienten met een 
afasie van Broca hebben over het algemeen grote moeite met spreken, hun articulatie 
is vaak slecht, en hun spreektempo is langzaam met veel pauzes Veelal is er sprake 
van een sterk vereenvoudigde zinstructuur waaruit functiewooorden zijn weggelaten, 
zoals bijvoorbeeld "zoon universiteit" in plaats van "mijn zoon studeert aan de 
universiteit" Om begrijpelijke redenen wordt dit soort verarmde spraak wel 
telegramstijl genoemd Maar ondanks deze kenmerken is de spraak van een patient met 
een afasie van Broca vaak nog wel communicatief, of met andere woorden de bedoelde 
boodschap is duidelijk Bij het begrijpen van taal blijken deze patiënten moeite te 
hebben met complexe zinconstructies 
Patienten met een afasie van Wernicke spreken over het algemeen in een 
normaal tempo en hun articulatie en zinsmelodie is niet gestoord Echter, m hun 
uitingen njgen zij vaak woorden aaneen die grammatikaal niet bij elkaar passen 
(paragrammatisme) Bovendien gebruiken zij geregeld woorden die in betekenis 
verwant zijn aan het woord dat zij eigenlijk bedoelen, zoals bijvoorbeeld "jaar" in 
plaats van "week" of "lente " in plaats van "zomer " (semantische parafasieen) Soms 
is hun productie een onbegrijpelijke aaneenschakeling van woorden of klanken 
(jargon) Hun woord en zinsbegrip is in de regel ernstig gestoord 
Zoals uit de titel van de dissertatie blijkt is in het gerapporteerde onderzoek geprobeerd 
om de functionele locus van taalbegripsstoornissen bij afasie nader te preciseren Met 
andere woorden, er is geprobeerd om te identificeren welke verwerkingsstap m het 
taalbcgripsproces bij deze patiënten gestoord is Daarbij is uitgegaan van een model 
voor normaal taalverstaan In dit model is een centrale rol weggelegd voor het mentaal 
lexicon Het mentaal lexicon of woordgeheugen bevat informatie over de vorm, de 
betekenis en de grammaticale eigenschappen van woorden Het lexicon van een 
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gemiddelde taalgebruiker bevat de kennis van zo'n 50 000 woorden Wanneer een 
luisteraar een woord hoort is hij of zij in staat om de daarbij behorende informatie in 
een fractie van een seconde op te halen Gegeven de grootte van dit mentale 
databestand is het verbluffend dat wij zo snel m staat zijn om aan een reeks van 
klanken de bijbehorende betekenis te hechten, en te beslissen of we bijvoorbeeld te 
maken hebben met een werkwoord of een zelfstandig naamwoord Eén van de cruciale 
vragen in de psycholinguïstiek is hoe het proces van taalverstaan zo snel en (meestal) 
foutloos kan verlopen 
In het proces van taalverstaan zijn drie centrale verwerkingsstappen 
geïdentificeerd Lexicale toegang, lexicale selectie, en lexicale integratie Tijdens het 
proces van lexicale toegang wordt de inkomende informatie van het spraaksignaal in 
contact gebracht met de vormrepresentaües in het mentaal lexicon Vervolgens worden 
alle representaties die overeenkomen met de sensor sehe informatie geactiveerd 
Bijvoorbeeld, nadat de klank KA is gehoord worden woorden als KAPITEIN en 
KAPITAAL en alle andere woorden die begmnnen met KA geactiveerd Gedurende het 
proces van lexicale selectie wordt het aantal geaktiveerde representaties teruggebracht 
tot de representatie die overeenkomt met het gehoorde woord Wanneer wij een woord 
in isolatie horen is hiermee de kous af Maar meestal moeten woorden worden 
begrepen in de context van een zin of een verhaal Een belangrijke vraag in de 
psycholinguïstiek is op welk moment context een rol gaat spelen bij de selectie van een 
woordrepresentatie Dit kan worden geïllustreerd aan de hand van het volgende 
voorbeeld Als een luisteraar wordt geconfronteerd met de volgende zin "De winter 
m Nederland hield lang aan en iedereen keek verlangend uit naar de Ie ", dan is 
de vraag helpt de context het woord "lente" herkennen voordat alle relevante 
sensorische informatie beschikbaar is, of moet eerst alle relevant sensorische 
informatie beschikbaar zijn voordat de "lente " representatie kan worden geselecteerd? 
Hoe dan ook, het zal de lezer duidelijk zijn dat m de context van een zin het herkennen 
en selecteren van individuele woorden niet voldoende is de geselecteerde informatie 
van de individuele woorden in een zin moeten worden geïntegreerd tot een betekenisvol 
geheel Dit proces wordt lexicale integratie genoemd Laat ik dit ook met een voorbeeld 
illustreren De zin "De кок maakte het exotische gerecht af met de pas geplukte 
munt " kan niet begrepen worden als munt wordt opgevat als een geldstuk Integratie 
van de "specerij " betekenis m de voorafgaande context is noodzakelijk om deze zin 
op de juiste wijze op te vatten 
Voor normaal taalbegrip is het essentieel dat de woordrepresentaties in het mentaal 
lexicon beschikbaar zijn, en dat de processen van lexicale toegang, selectie en 
integratie goed op elkaar zijn afgestemd en uiterst snel verlopen Lange tijd werd 
gedacht dat taalbegnpsproblemen bij patiënten met afasie veroorzaakt worden door 
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een verlies van talige informatie uit het mentaal lexicon Deze gedachte werd 
bijvoorbeeld gevoed door studies waaruit bleek dat patiënten met een afasie van 
Wernicke niet meer goed in staat zijn om woorden te groeperen naar bepaalde 
betekenisdimensies (zoals gevaarhjk-ongevaarhjk, voor de woorden tijger, krokodil, 
roodborstje) 
Echter, in een toenemend aantal studies van de laatste jaren zijn resultaten 
gevonden die erop duiden dat de talige informatie voor de meeste afasiepatienten wel 
beschikbaar is, maar dat deze patiënten stoornissen hebben in de eerder beschreven 
cognitieve processen die van belang zijn voor normaal taaibegrip In een groot aantal 
van deze studies werd gebruik gemaakt van het zogenaamde priming paradigma in 
combinatie met een lexicale decisie taak Hierbij wordt aan subjecten gevraagd om zo 
snel mogelijk te beslissen of een klank of letterreeks een echt woord is of met Het 
blijkt dat woordbeshssingen sneller worden genomen wanneer een woord wordt 
voorafgegaan door een gerelateerde context Bijvoorbeeld, het kost minder tijd om te 
beslissen dat "kat ' een woord is waneer eerst het woord "hond^ IS gehoord, dan 
wanneer eerst het woord "stoel " werd gehoord Deze resultaten duiden erop dat de 
representaties van de woorden in ons mentaal lexicon georganiseerd zijn volgens 
principes van betekenisrelatie Als men zich de representaties van woorden voortstelt 
als knopen, en de verbindingen tussen deze representaties als lijnen, dan liggen de 
knopen van de representaties van woorden als "kat" en "hond" dicht bij elkaar en zijn 
door een directe lijn verbonden, terwijl woorden als "kat" en "stoel" juist ver uit 
elkaar liggen en geen direkte verbinding met elkaar hebben Tussen "hond" en "kat ' 
bestaat als het ware een hot line die er niet is tussen "kat" en "stoel" Het idee is nu 
dat wanneer men het woord "kaf hoort, de representatie van dit woord in het mentaal 
lexicon geactiveerd wordt, zodat "kat " kan worden herkend Maar tevens worden ook 
gerelateerde representaties als "hond ' enigszins geaktiveerd, met als gevolg dat 
wanneer dit woord vlak daarna wordt gehoord het herkenningsproces vergemakkelijkt 
wordt 
Uit dit soort onderzoek is bijvoorbeeld gebleken dat Wernicke patiënten die 
met meer in staat zijn expliciete oordelen te geven over de semantische relatie tussen 
woorden (zoals hierboven beschreven), nog wel effecten van pnming vertonen Dit valt 
moeilijk te rijmen met het idee dat er bij deze patiënten sprake is van een verlies van 
talige informatie uit het mentaal lexicon Als deze informatie niet langer beschikbaar 
is, dan zouden er ook geen pruning effecten mogen worden gevonden Ondermeer deze 
variatie in resultaten tussen verschillende taken heeft geleid lot het idee dat de 
taalbegnpsstoomissen waarmee patiënten met afasie kampen niet worden veroorzaakt 
door een verlies van talige informatie, maar veeleer door een stoornis in de cognitieve 
processen die een rol spelen bij het taalverstaan 
De precíese aard van deze stoornissen is nog steeds onduidelijk Sommigen 
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denken dat het probleem gelocaliseerd kan worden op het nivo van de automatische 
toegang tot de talige informatie in het mentaal lexicon (lexicale toegang). Anderen 
geloven dat het proces van lexicale toegang ongestoord verloopt, maar dat 
afasiepatiënten een probleem hebben bij de integratie van de talige informatie in de 
representatie van de context zoals die wordt opgebouwd tijdens het luisteren naar 
zinnen en woorden. Het beoogde doel van mijn dissertatie was om nader te preciseren 
wat de onderliggende oorzaak van taalbegripsstoornissen bij afasiepatiënten is. Hierbij 
werd uitgegaan van de veronderstelling dat de problemen die afasiepatiënten hebben 
met het begrijpen van taal worden veroorzaakt door een stoornis in het proces van 
lexicale integratie. Om deze veronderstelling te toetsen werd gebruik gemaakt van een 
voor dit type onderzoek nieuwe memode: het meten van hersenpotentialen, ofwel 
Event-Related Potentials (ERPs). 
ERPs zijn een reflectie van de neurale activiteit van een grote groep neuronen. Deze 
activiteit kan worden gemeten in het electroencephalogram (EEG) met behulp van 
electroden die geplaatst zijn op de schedel. ERPs treden niet spontaan op, maar worden 
opgeroepen door bepaalde vormen van stimulatie, zoals bijvoorbeeld lichtflitsen of 
tonen, maar ook door talige stimuli. Om het ERP-signaal te kunnen onderscheiden van 
het EEG moet worden gemiddeld over een aantal (doorgaans teminste 25) 
gebeurtenissen van dezelfde aard. Dit gemiddelde bestaat uit een aantal positieve en 
negatieve pieken met een bepaalde latentie (gemeten van het begin van de fysieke 
stimulus) en een specifieke topografische verdeling over de schedel (zie Figuur 1 van 
Hoofdstuk 1). 
De pieken en dalen in het ERP golfpatroon worden over het algemeen 
benoemd naar hun polariteit (positief of negatief) en de latentie van hun "onset" De 
N400 is dus een negatieve piek die zijn maximale waarde bereikt ongeveer 400 
milliseconden nadat een stimulus is aangeboden. Deze component was het meest 
relevant voor het gerapporteerde onderzoek 
Het is gebleken dat de N400 gemoduleerd wordt door semantische (betekenis) 
aspekten van de inkomende talige informatie. Dit is aangetoond in een reeks van 
experimenten waarin allerlei aspecten van de betekenisrelatie van een woord en de 
voorafgaande woord- of zinscontext werden gevarieerd. Bijvoorbeeld, wanneer de 
N400 wordt vergeleken voor de zinsfinale woorden in de volgende twee zinnen: 
"Jenny stopte het snoepje in haar mona" en "Jenny stopte het snoepje m haar 
bloem" dan is de N400 piek duidelijk groter voor "bloem " dan voor "mond". Of met 
andere woorden, de amplitude van de N400 is gereduceerd voor het woord dat past in 
de zinscontext ten opzichte van het woord dat niet past in de zinscontext. Het verschil 
in amplitude van de N400 tussen condities wordt het N400 effect genoemd. 
De N400 is niet zomaar gevoelig voor elke schending Er is bijvoorbeeld 
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gebleken dat de amplitude van de N400 niet gemoduleerd wordt door muzikale of 
grammaükale schendingen Maar de modulatie van de amplitude van de N400 is niet 
stnkt afhankelijk van semantische schendingen zoals die in het voorbeeld werden 
geschetst Andere factoren zoals de frequentie waarmee woorden worden gebruikt in 
onze taal, de positie van een woord in een zin, en de mate waann een bepaald woord 
wordt verwacht gegeven de context, beïnvloeden evenzeer de grootte van de N400 
piek De N400 wordt tevens gemoduleerd als een functie van de betekenisrelatie tussen 
woorden in een pnming paradigma De amplitude van de N400 is gereduceerd voor 
woorden die worden voorafgegaan door een in betekenis verwant woord Recent 
onderzoek heeft aangetoond dat de N400 amplitude met name gevoelig is voor het 
proces waarbij de betekenis van een woord wordt vergeleken met of geïntegreerd in de 
representatie van de voorafgaande woord- of zinscontext 
ERPs kunnen worden gemeten zonder additionele taken Bijvoorbeeld in de 
experimenten in deze dissertatie werd aan de proefpersonen gevraagd of ze aandachtig 
wilden luisteren naar zinnen of woorden Zij hoefden verder geen beslissingen te 
nemen over deze woorden of zinnen Toch trad er naar aanleiding van de experimentele 
manipulatie een interpreteerbaar verschil tussen de condities op De afwezigheid van 
de noodzaak voor een taak maakt het mogelijk patiënten met zware begnpsproblemem 
te testen, en dit was een belangrijke motivatie om gebruik te maken van de ERP 
methode voor mijn onderzoek Een andere belangrijk motief voor het gebruik van 
ERPs was de aard van de onderzoeksvraag Om te onderzoeken of de onderliggende 
oorzaak van taalbegnpsstoomissen bij afasie gerelateerd is aan een probleem in het 
proces van lexicale integratie was een memode nodig die het taaibegripsproces betrapt 
terwijl het zich afspeelt De ERP methode voldoet aan deze eis En tenslotte was het 
ook van belang voor de onderzoeksvraag dat, zoals eerder werd benadrukt, de N400 
een gevoelige maat is voor het lexicale integratieproces De combinatie van deze dne 
factoren maakte de ERP methode bijzonder geschikt voor het onderzoek m deze 
dissertatie 
Om betrouwbare uitspraken te kunnen doen over de resultaten van de afasiepatienten 
was het noodzakelijk om een aantal controle metingen te doen Om te controleren voor 
het effect van veroudering op de ERP golfpatronen van de patiënten (die gemiddeld 
ongeveer 65 jaar waren) werd in alle ERP experimenten ook een groep proefpersonen 
getest die gemiddeld dezelfde leeftijd en hetzelfde opleidingsnivo hadden als de 
afasiepatienten De proefpersonen in deze controlegroep hadden geen 
hersenbeschadiging, en daarom dienden de resultaten van deze groep als een 
basispatroon waarmee de resultaten van de afasiepatienten konden worden vergeleken 
Naast deze controlegroep werd ook nog een groep patiënten getest met een 
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hersenbeschadiging in de rechter hersenhelft Deze patiënten hadden geen afasie Uit 
de vergelijking van deze patiënten met de afasiepatienten moest blijken of 
veranderingen in de ERP golfpatronen van de afasiepatienten te wijten zijn aan hun 
taalstoornis, of puur aan het feit dat zij een hersenbeschadiging hebben Tenslotte werd 
er nog een met-talig controle experiment gedaan waann de patiënten en de controles 
infrequent voorkomende lage tonen moesten onderscheiden in een reeks van hoge en 
lage tonen Deze taak staal bekend als de "oddball" taak, en roept een andere ERP 
component op, namelijk de P300 (een positieve piek die zijn maximale waarde bereikt 
ongeveer 300 milliseconden na stimulatie) Uit het vergelijk van de datapatronen voor 
deze met-talige taak en de N400 taalexpenmenten moest blijken of eventuele 
veranderingen die optreden in het N400 effect van de afasiepatienten taalspecifiek zijn 
Uit de resulaten van deze controlemetingen kon worden geconcludeerd dat de 
veranderingen die werden geobserveerd in het N400 effect van de patiënten met afasie 
inderdaad samenhangen met hun taalstoornis 
Zoals eerder in deze samenvatting werd besproken is gebleken dat de N400 
gemoduleerd wordt door het gemak waarmee een woord in de voorafgaande context 
kan worden geïntegreerd De amplitude van de N400 piek is gereduceerd voor woorden 
die gemakkelijk te integreren zijn in de context, en groter voor woorden die moeilijk 
zijn te integreren Het verschil tussen de amplitude van de N400 voor moeilijk en 
gemakkelijk te integreren woorden wordt het N400 effect genoemd Het is ook 
gebleken dat de latentie van dit effect kan verschuiven De N400 was daarom zeer 
geschikt voor de specifieke onderzoeksvraag van de experimenten in deze dissertatie, 
die luidde Worden afatische taalbegripsstoomissen veroorzaakt door een stoornis in 
het proces ν an lexicale integratie'' 
Veranderingen in het proces van lexicale integratie ten gevolge van afasie 
kunnen het N400 effect op verschillende manieren beïnvloeden In vergelijking met 
hun controles kan er een reductie en/of een latentieverschuiving in het N400 effect van 
de afasiepatienten optreden Als een integratiestoornis van invloed is op de snelheid 
waarmee de belekenisinformatie van de verschillende woorden wordt geïntegreerd in 
de overkoepelende zinsbetekenis, dan kan het N400 effect verschuiven naar een later 
(dan normaal) moment in de tijd Zo'n vertraging in lexicale integratie kan de 
efficiente constructie van een overkoepelende zinsrepresentatie belemmeren, en dat kan 
leiden tot een reductie in de grootte van het effect Zoals uit de hiernavolgende 
bespreking van de resultaten zal blijken was het N400 effect van sommige 
afasiepatienten gereduceerd, en in een experiment ook verschoven naar een later 
moment in de tijd 
In het eerste experiment (hoofdstuk 2) werd nader onderzocht waardoor patiënten met 
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een afasie van Wernicke en patiënten met een afasie van Broca problemen hebben met 
de verwerking en het begrijpen van woorden, ofwel lexicaal-semantische verwerking 
Daartoe werd gebruik gemaakt van een "twee-woord pnming paradigma" De 
patiënten en hun controles hoorden een reeks van woorden waarvan er steeds twee vlak 
na elkaar werden aangeboden Deze twee woorden worden verder aangeduid als 
woordpaar Het tweede woord van een woordpaar, het zogenaamde doelwoord of de 
target, werd ofwel voorafgegaan door een woord (de pnme) dat qua betekenis 
gerelateerd was aan het doelwoord, ofwel door een ongerelateerde prime 
Er werden twee lijsten samengesteld waann de aard van de betekenisrelatie 
werd gevarieerd De ene lijst bestond uit prototypische leden van een semantische 
categorie (bijvoorbeeld bloemen) In de gerelateerde conditie (de helft van de 
woordparen) werden twee woorden gekozen die uit dezelfde semantische categorie 
kwamen maar niet associatief gerelateerd waren, zoals bijvoorbeeld "roos-narcis" 
Associatieve relaties tussen woorden worden vastgesteld door een groot aantal mensen 
te vragen wat het eerste woord is dat in hen opkomt wanneer zij een bepaald woord 
horen In het geval van "roos " is dat niet "narcis " maar "tulp " In de ongerelateerde 
conditie werden de woorden in een woordpaar gekozen uit twee verschillende 
semantische categorieën, zodat er geen betekenisrelatie bestond tussen de woorden, 
bijvoorbeeld, "oma-anjer" In de andere lijst was de helft van de doelwoorden 
associatief gerelateerd aan de pnme, zoals bijvoorbeeld "bal-rond", en de helft was 
ongerelateerd zoals bijvoorbeeld "foto-boter" Zoals eerder beschreven is uit een 
groot aantal studies gebleken dat normaal gesproken de amplitude van de 
N400gereduceerd is voor woorden die gerelateerd zijn aan de voorafgaande context 
In dit experiment werd een reductie van de amplitude van de N400 gevonden 
voor de gerelateerde doelwoorden ten opzichte van de ongerelateerde doelwoorden 
(N400 effect), voor zowel de patiënten met een afasie van Broca als voor de patiënten 
met een afasie van Wernicke Maar bij analyse van de resultaten in samenhang met de 
ernst van de begnpsstoomis (mild vs ernstig), onafhankelijk van syndroom (Broca of 
Wernicke), bleek dat de patiënten met een ernstige begnpsstoomis een duidelijk 
kleiner N400 effect heten zien dan de normale controles De patiënten mei een milde 
begnpsstoomis daarentegen, vertoonden een patroon dat vergelijkbaar was met de 
normale controles 
Deze resultaten duiden erop dat, zelfs bij patiënten met ernstige 
begnpsstoomissen, er geen sprake is van een volledig verlies van informatie uit het 
mentaal lexicon, en dat de organisatie van het mentaal lexicon nog goeddeels intact is 
Hoewel deze patiënten een duidelijk kleiner N400 effect heten zien dan de controles, 
was er nog steeds sprake van een reductie van de N400 voor doelwoorden die 
gerelateerd zijn aan hun primes ten opzichte van de amplitude van de N400 voor 
ongerclatecrde doelwoorden Dit effect kan alleen optreden wanneer er een 
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betekeruskoppeling tussen deze woorden heeft plaatsgevonden, en dat vereist op zijn 
minst dat de betekenisinformatie in het mentaal lexicon geaktiveerd is Maar de 
reductie m de omvang van het N400 effect voor patiënten met een ernstige 
begnpsstoornis in vergelijking met hun controles suggereert wel dat het koppelen van 
de betekenis van een doelwoord aan de betekenis van de voorafgaande woordcontext 
minder succesvol verloopt 
De betekeniskoppeling tussen woorden in een woordpaar is emgszms vergelijkbaar 
met het proces van lexicale integratie in zins- of tekstbegrip Dat wil zeggen, wanneer 
men een zin of een tekst wil begrijpen, dan is het van het grootste belang dat de 
betekenis van het laatstgehoorde woord wordt gekoppeld aan of geïntegreerd m de 
opgebouwde representatie van de voorafgaande context Deze observatie leidde tot de 
voorspelling dat patiënten met ernstige begnpsstoomissen ook een abnormaal N400 
effect zouden laten zien wanneer een woord moet worden gekoppeld aan de context 
van een hele zin, en dat is wat werd getest in het tweede experiment in hoofdstuk 3 In 
dit experiment werd aan patiënten en hun controles gevraagd om aandachtig te 
luisteren naar zinnen De helft van deze zinnen eindigden met een woord dat paste in 
de voorafgaande context, bijvoorbeeld "De timmerman kreeg een compliment van 
zijn baas "(congruente conditie), en de helft van de zinnen eindigden met een woord 
dat met paste in de voorafgaande zinscontext, bijvoorbeeld "Jenny stopte het snoepje 
m haar bloem "(de anomale conditie) De N400 werd gemeten voor de zmsfinale 
woorden in beide condities Er werd een duidelijk N400 effect gevonden voor de 
controlepersonen een reductie van de amplitude van de N400 voor de zmsfinale 
woorden in de congruente conditie vergeleken met de anomale conditie Dit effect 
reflecteert het feit dat de zmsfinale woorden in de congruente conditie gemakkelijk 
kunnen worden geïntegreerd in de voorafgaande context, terwijl dat niet mogelijk is 
voor de zmsfinale woorden in de anomale conditie De resultaten voor de 
afasiepatienten werden geanalyseerd naar de ernst van hun begnpsstoornis De 
afasiepatienten met een ernstige begnpsstoornis lieten een reductie en een duidelijke 
vertraging van hun N400 effect zien wanneer vergeleken met de controles, terwijl het 
N400 effect van de patiënten met een milde begnpsstoornis niet afweek van dat van 
de controles Deze resultaten wijzen in dezelfde richting als de resultaten van het eerste 
experiment, namelijk dat patiënten met een duidelijke begnpsstoornis problemen 
hebben met het op snelle wijze integreren van de betekenisinformatie van een woord 
in de representatie van de voorafgaande context 
De experimenten in de hoofdstukken 4 en 5 gingen verder in op de vraag of 
taalbegnpsstoomissen ten gevolge van afasie gerelateerd zijn aan problemen met de 
snelle integratie van woorden in de voorafgaande context Dit maal werd gebruik 
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gemaakt van ambigue woorden. Dat zijn woorden met meer dan één betekenis, zoals 
bijvoorbeeld "amandelen ". Selectie van de juiste woordbetekenis vereist dat deze 
betekenis snel wordt geïntegreerd in de voorafgaande context. Dus bij lezing van de 
volgende zin: "De chirurg verwijdert kundig de pijnlijke amandelen ", wordt meteen 
duidelijk dat met "amandelen " geen smakelijk nootjes worden bedoeld, omdat de 
juiste "amandelen-in-de-keel" betekenis snel is geïntegreerd in de voorafgaande 
context. Normaal gesproken vindt dit proces van betekenisselectie zo snel plaats dat 
de taalgebruiker niet eens in de gaten heeft dat er sprake is van een alternatieve 
betekenis die kan interfereren met snel en goed begrip van de zin. 
In hoofdstuk 4 werd eerst een groep jonge neurologisch normale 
proefpersonen getest. Dit werd gedaan omdat er nauwelijks studies zijn waarbij ERPs 
worden gebruikt om het proces van betekenisselectie te onderzoeken, en geen enkele 
studie in de auditieve modaliteit. Het was daarom belangrijk eerst vast te stellen of er 
voor deze experimentele vraag betrouwbare ERP effecten konden worden verkregen. 
De jonge proefpersonen kregen zinnen aangeboden in drie contextcondities die, na een 
stilte van ofwel 100 ofwel 1200 milliseconden, gevolgd werden door een zelfstandig 
naamwoord of doelwoord dat hetzelfde was in alle drie de context condities (zie Tabel 
2 van Hoofdstuk 4 voor voorbeelden). In de concordante conditie werd de aan het 
doelwoord gerelateerde betekenis van het zinsfinale ambigue woord benadrukt. In de 
discordante conditie werd een alternatieve, aan het doelwoord ongerelateerd betekenis 
van het zinsfinale ambigue woord benadrukt. En tenslotte werden er in de 
ongerelateerde conditie zinnen aangeboden die eindigden in een niet-ambigu woord, 
dat eveneens ongerelateerd was aan de betekenis van het doelwoord. De ERPs werden 
vergeleken voor het doelwoord in de verschillende contextcondities. De belangrijkste 
conclusie van dit experiment was dat de jonge subjecten 100 milliseconden nadat zij 
het ambigue woord gehoord hadden de juiste betekenis van dit woord nagenoeg hadden 
geselecteerd. 
De oudere controle subjecten in Hoofdstuk 5 waren in staat om op snelle en 
efficiënte wijze de juiste betekenis van het ambigue woord in de zinscontext te 
integreren, zodat het selectieproces al na 100 milliseconden had plaatsgevonden. Er 
werden geen belangrijke veranderingen gevonden in het N400 datapatroon na 
verstrijken van meer tijd tussen het zinsfinale woord en het doelwoord. In tegenstelling 
tot deze bevindingen hadden de afasiepatiënten de juiste betekenis van het ambigue 
woord nog niet geselecteerd na 100 milliseconden. Dit betekent dat de alternatieve 
betekenis van dit woord nog aklief was, zelfs wanneer de context deze betekenis 
uitsloot. Kennelijk hadden deze patiënten de juiste betekenis van het ambigue woord 
nog niet volledig geïntegreerd in de zinscontext. Later zijn deze patiënten in staat 
alleen de voor de context relevante betekenis van het ambigue woord te selecteren, 
zoals blijkt uit het datapatroon voor de doelwoorden die werden aangeboden 1200 
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milliseconden na het laatste woord in de zin Net als in de vonge experimenten duiden 
deze resultaten erop dat patiënten met afasie een probleem hebben met het op snelle 
en efficiente wijze integreren van woordinformatie in de voorafgaande context 
De resultaten van deze experimenten ondersteunen het idee dat de begripsproblemen 
waar patiënten met afasie mee te kampen hebben inderdaad in belangrijke mate 
worden veroorzaakt door een vertraagde integratie van de betekenis van een woord in 
de representatie van de voorafgaande context Omdat snelheid een cruciaal element is 
voor normaal taalbegnp zal dit leiden tot een onvolledige representatie van de zin of 
het verhaal waarnaar de afasiepaüent luistert, en dat leidt er in het ergste geval toe dat 
deze patiënten, zoals ze mij vaak vertelden, aan het einde van de zin niet meer weten 
wat er aan het begin ook alweer was gezegd 
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